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DEVELOPING A PROTOCOL FOR AN ENVIRONMENTALLY PREFERABLE 
PURCHASING PLUS (EPP+) PROGRAM AT NASA GLENN RESEACH CENTER 
 
AMARIN KONGTAWELERT 
 
ABSTRACT 
EPP+ or Environmentally Preferable Purchasing Plus is a Environmentally 
Preferable Purchasing program with incorporated a unique Life Cycle Assessment (LCA) 
scoring  system which implemented at NASA, Glenn Research Center. 
A protocol has been developed to aid in selecting among products based on 
principles of Environmentally Preferable Purchasing (EPP) and Life Cycle Assessment 
(LCA). The protocol has been developed for use at NASA Glenn Research Center (GRC) 
but is intended to benefit anyone wishing to make sustainable purchasing decision. The 
protocol was designed as a web-based application which evaluates the life cycle factors, 
affirmative procurements, price, and performance of products that impact or benefit the 
environment and human health. 
There were 2 parts in the development of the EPP+ protocol. The first part was 
the development of product scoring system guidelines. All products are to be scored 
using a numerical rating system for each value. A numeric-based rating system has been 
developed by applying the priorities of the environmental protection and management 
policies for the purchase of products for GRC. These rating are then multiplied by a 
weighting factor which is a numeric value between 0 and 1.0. During the product 
 vii  
evaluation process, weighting factors are again set according to the importance and 
priorities set by the Environmental Management Office (EMO). 
Second part was the development of the EPP+ computer software or protocol 
(ASP.net format). This protocol produces a score for a product based on a series of 
ratings and weighting factors given by the expert user. Following the same sequence of 
operation, various products can be scored and compared, and a list can be prepared for 
the products that qualify as environmentally preferable products. The lists of products are 
intended to be offered to contractors and other GRC personnel for their applications. 
Since the product score is a numeric value, it is easy for a non-expert person to 
understand and compare with some other products, rather than needing to study the 
details related to rating and evaluation. 
The protocol designed and developed under this study will aid administrators in 
evaluating and scoring environmentally preferable products. It will also help users to 
select products rated by evaluators, thereby providing a tool to make more sustainable 
products decisions. 
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CHAPTER I 
INTRODUCTION 
 
 
1.1  Background 
 The United States of America is a country with a population that represents only 
5% of the world’s occupants, but it consumes almost 25% of the world’s resources. If this 
trend continues on an ongoing basis (that is, if the resources are consumed much faster 
than they are being replaced), a serious environmental resource crisis will develop. The 
United States federal government is one of the world’s largest consumers (U.S. EPA, 
2006). Indeed, it is the single largest consumer of goods and services within the United 
States, with total spending estimated at $350 billion for goods and services each year 
(U.S. EPA, 2008). 
 In 1998, in order to improve the Federal Government’s use of recycled products 
and environmentally preferable products and services, President Bill Clinton signed an 
Executive Order (E.O.) 13101, “Greening the Government Through Waste Prevention, 
Recycling, and Federal Acquisition”. 
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 The term, “environmentally preferable” is defined in Section 201 of E.O. 13101 
to mean products or services that “have a lesser or reduced effect on human health and 
the environment when compared with competing products or services that serve the same 
purpose. This comparison may consider raw materials acquisition, production, 
manufacturing, packaging, distribution, reuse, operation, maintenance, or disposal of the 
product or service.”  
Therefore, the Environmentally Preferable Purchasing (EPP) program is a 
nationwide program established by the U.S. Environmental Protection Agency (EPA) in 
response to E.O. 13101 that encourages and assists federal agencies in purchasing the 
environmentally preferable products and services. 
 In 2000, President Bill Clinton signed an Executive Order 13148, “Greening the 
Government Through Leadership in Environmental Management” which stated in the 
Section 101 of E.O. 13148 that “ the head of each Federal agency is responsible for 
ensuring that all necessary actions are taken to integrate environmental accountability 
into agency day-to-day decision-making and long-term planning processes, across all 
agency missions, activities, and functions.” 
 There are several goals of this E.O. 13148 that each federal agency needs to 
achieve, which are (directly from E.O. 13148 language): 
• “Environmental Management: Each agency shall ensure that strategies are 
established to support environmental leadership programs, policies, and 
procedures and that agency senior level managers explicitly and actively endorse 
these strategies.” 
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• “Environmental Compliance: Each agency shall comply with 
environmental regulations by establishing and implementing environmental 
compliance audit programs and policies that emphasize pollution prevention as a 
means to both achieve and maintain environmental compliance.” 
• “Right-to-Know and Pollution Prevention: Federal facilities shall be 
leaders and responsible members of their communities by informing the public 
and their workers of possible sources of pollution resulting from facility 
operations. Each agency shall strive to reduce or eliminate harm to human health 
and the environment from the release of pollutants to the environment. Each 
agency shall advance the national policy that, whenever feasible and cost-
effective, pollution should be prevented or reduced at the source.” 
• “Release Reduction: Toxic Chemicals: Each agency shall reduce its 
reported Toxic Release Inventory (TRI) releases and off-site transfers of toxic 
chemicals for treatment and disposal by 10 percent annually, or by 40 percent 
overall by December 31, 2006.” 
• “Use Reduction: Toxic Chemicals and Hazardous Substances and Other 
Pollutants: Each agency shall reduce its use of selected toxic chemicals, 
hazardous substances, and pollutants, or its generation of hazardous and 
radioactive waste types at its facilities by 50 percent by December 31, 2006.” 
• “Reductions in Ozone-Depleting Substances: Each agency shall develop a 
plan to phase out the procurement of Class I ozone-depleting substances for all 
nonexcepted uses by December 31, 2010.” 
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•  “Environmentally and Economically Beneficial Landscaping: Each 
agency shall strive to promote the sustainable management of Federal facility 
lands through the implementation of cost-effective, environmentally sound 
landscaping practices and programs to reduce adverse impacts to the natural 
environment.” 
In 2007, Executive Order 13423, “Strengthening Federal Environmental, Energy, 
and Transportation Management”, was signed by President Bush. This order requires 
Federal agencies to implement the sustainable practices and to lead by example in 
advancing the nation’s energy security and environmental performance by achieving the 
following goals (directly from E.O. 13423 and U.S. EPA, 2007e): 
• “Energy Efficiency: Reduce energy intensity by 3 percent annually 
through the end of a fiscal year (FY) 2015 or 30 percent by the end of FY 2015, 
compared to an FY 2003 baseline. 
• Greenhouse Gases: Reduce greenhouse gas emissions through reduction of 
energy intensity by 3 percent annually through the end of FY 2015 or 30 percent 
by the end of FY 2015, compared to an FY 2003 baseline. 
• Renewable Power: At least 50 percent of current renewable energy 
purchases must come from new renewable sources (in service after January 1, 
1999). 
• Building Performance: Construct or renovate buildings in accordance with 
sustainability strategies, including resource conservation, reduction, and use; 
siting; and indoor environmental quality. 
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• Water Conservation: Reduce water consumption intensity by 2 percent 
annually through the end of FY 2015 or 16 percent by the end of FY 2015, 
compared to an FY 2007 baseline. 
• Vehicles: Increase purchase of alternative fuel, hybrid, and plug-in hybrid 
(PIH) vehicles when commercially available. 
• Petroleum Conservation: Reduce petroleum consumption in fleet vehicles 
by 2 percent annually through the end of FY 2015, compared to an FY 2005 
baseline. 
• Alternative Fuel: Increase use of alternative fuel consumption by at least 
10 percent annually, compared to an FY 2005 baseline. 
• Pollution Prevention: Reduce use of chemicals and toxic materials and 
purchase lower risk chemicals and toxic materials. 
• Procurement: Expand purchases of environmentally sound goods and 
services, including biobased products, recycled content products, Energy Star ® 
products, water-efficient products.” 
In 2009, Executive Order 13514, “Federal Leadership in Environmental, Energy, 
and Economic Performance”, was signed by President Obama. This order (in section 1: 
Policy) states that “Federal agencies shall increase energy efficiency; measure, report, 
and reduce their greenhouse gas emissions from direct and indirect activities; conserve 
and protect water resources through efficiency, reuse, and stormwater management; 
eliminate waste, recycle, and prevent pollution; leverage agency acquisitions to foster 
markets for sustainable technologies and environmentally preferable materials, products, 
and services; design, construct, maintain, and operate high performance sustainable 
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buildings in sustainable locations; strengthen the vitality and livability of the 
communities in which Federal facilities are located; and inform Federal employees about 
and involve them in the achievement of these goals.” 
This order requires Federal agencies to meet a number of energy, water, and 
waste reduction targets, which are (directly from E.O. 13514 and Office of the Press 
Secretary, 2009): 
• “Water Use Efficiency: Reduce water consumption intensity by 2 percent 
annually through FY 2020, or 26 percent by the end of FY 2020, compared to an 
FY 2007 baseline. 
• Pollution Prevention: Divert at least 50 percent of non-hazardous solid 
waste, construction and demolition debris, by the end of FY 2015. 
• Building Performance: Ensure that all new Federal buildings that enter the 
planning process are designed to achieve zero-net-energy by 2030. 
• Petroleum Conservation: Reduce petroleum consumption in fleet vehicles 
by 2 percent annually through the end of FY 2020, compared to an FY 2005 
baseline. 
• Sustainable Acquisition: Ensure that 95 percent of all new applicable 
contracts will meet sustainability requirements. 
• Stormwater Guidance for Federal Facilities: Issue guidance on the 
implementation of section 438 of the Energy Independence and Security Act of 
2007 (42 U.S.C. 17094). 
• Development of guidance for sustainable Federal building locations in 
alignment with the Livability Principles put forward by the Department of 
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Housing and Urban Development, the Department of Transportation, and the 
Environmental Protection Agency.” 
 
1.2 Overview of Environmentally Preferable Purchasing Plus Program (EPP+) 
 NASA Glenn Research Center (GRC) is one of the Federal agencies that initiated 
the implementation of the Environmentally Preferable Purchasing (EPP) Program. It 
established policies and procedures for implementing the program so as to promote and 
facilitate the purchase of environmentally-friendly and recycled products at GRC 
(NASA, 2008). By creating its own EPP program by the Environmental Management 
Office (EMO), which incorporated a unique Life Cycle Assessment (LCA) scoring 
system and also meeting the affirmative procurement (AP) criteria, GRC is calling this 
program, Environmentally Preferable Purchasing Plus or EPP+. This EPP+ program will 
be used for evaluating off-the-shelf products for use at GRC. The products that score 
highest in this program will be most strongly encouraged for purchase. 
In order to complete the work of EPP+ program, the EPP+ evaluation model 
needed to be created. There were several steps that needed to be done as follows: 
• Gathering the information for candidate products. 
• Determining the category of the products that would be evaluated. 
• Determining the scoring system for off-the-shelf products. 
• Determining the rating procedure for off-the-shelf products. 
• Using the concept of multiple-criteria decision-making with this model. 
• Using the concept of sustainability with this model. 
• Developing a web-based application for the EPP+ model. 
 8 
• Testing a web-based application for the EPP+ model. 
• Implementing the EPP+ program at GRC. 
 
1.3 Goals of the Environmentally Preferable Purchasing Plus (EPP+) Program  
 There are 2 main goals for this EPP+ program at GRC.  
 
1.3.1 Primary Goals 
• To promote the purchase and use of products that support sustainable 
facilities: 
- Provides resource conservation benefits 
- Provides waste minimization benefits 
- Demonstrates stewardship (LCA) 
- Reduces regulatory compliance costs 
- Reduces the use of unsafe products 
- Reduces employee health risks 
- Reduces GRC environmental impacts 
- Provides opportunities for long-term cost savings 
- Serves all NASA facilities 
 
1.3.2 Secondary Goals 
• To promote the purchase of Affirmative Procurement (AP) products: 
- Recycled content 
- Biobased content 
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• To promote the purchase and use of products that support sustainable 
government facilities, private industry and public consumers. 
 
1.4 Problem Statement 
 The Environmentally Preferred Purchasing guidelines provided by the U.S. EPA 
state very clearly that the ideal approach to developing an EPP program would be by life 
cycle analysis/assessment (LCA). However, the EPA also admits on its website that it has 
not been able to achieve a life cycle assessment process. Therefore, the EPP+ system or 
this evaluation model at GRC, was developed using a combined quantitative/qualitative 
LCA scoring system. 
 The original EPP+ evaluation model had some limitations, which are as follows: 
• The scoring of products is not widely available throughout the facility 
because the process for calculating the scoring of the products is done by using 
the spreadsheet program and stored in the evaluators or experts’ computers. For 
others to access this information, it requires the time to communicate between the 
evaluators and the person who wants this information. 
• All of the product information, such as Material Safety Data Sheet 
(MSDS) of products, has been kept in hard copy forms or stored in the evaluators’ 
or experts’ computers. When disasters happen due to fire in the document storage 
room or if a computer crashes, this information will be lost and it will take time to 
obtain this information again. 
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• It is hard to promote the purchase of environmentally-friendly products 
throughout the facility to all employees and contractors since these product 
listings have been kept in one location. 
• The current evaluation model does not support the multiple-criteria 
decision-making process for selecting the appropriate assessment factors that 
relate to the user’s needs.  
It was clear that there was a need for developing a new EPP+ system that would 
include a web-based application that incorporates the multiple-criteria decision making 
process in order to overcome these limitations. 
 
1.5 Research Objectives 
 The objective of this research was to design an evaluation model with a web-
based application of an easy-to-use comprehensive computation of the LCA scoring 
system that can be used by the expert and non-expert personnel for determining the best 
environmentally-friendly off-the-shelf products that will be used at GRC. The goal is to 
overcome the limitations of the available models in the market and also incorporate the 
concept of multiple-criteria decision-making and sustainability to this model.  
 
1.6 Methodology 
 To achieve the stated objective, this research has employed the following 
methodology: 
• An extensive literature review has been conducted to identify previous 
work in this field and to identify limitations and challenges. 
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• The model has been developed to overcome the shortcomings and 
limitations identified through an extensive literature review. 
• A scoring system has been created to be able to use in the web-based 
application. 
• An intense study and practice in computer software development has been 
done in order to create the web-based application. 
• An example has been employed to demonstrate the application of the 
model. 
 
1.7 Organization of the Dissertation 
The dissertation is organized as the following: 
• Chapter 2 provides a literature review about the concepts of EPP, 
pollution prevention (P2), life cycle assessment (LCA), multiple-criteria 
decision making, and sustainability. 
• Chapter 3 describes the model evaluation process and provides the 
information about rating and scoring of the assessment factors or criteria 
in this model. 
• Chapter 4 describes the development of the web-based application of the 
model. 
• Chapter 5 introduces an example of a model evaluation and discusses the 
results. 
• Chapter 6 ends the dissertation with a summary and suggestions for future 
work.  
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CHAPTER II 
LITERATURE REVIEW 
 
 
2.1  Environmentally Preferable Purchasing (EPP) Concept 
 The E.O. 13101 requires that Federal agencies should follow the EPA’s guidance 
for the implementation of the EPP in their facility. The EPA encourages the agencies to 
buy the products that have fewer environmental and human health impacts and more 
environmentally friendly attributes, such as recyclable material, energy efficient 
equipment, etc. Moreover, it also stresses that those agencies should go further and 
considers multiple environmental effects of products in their entire life cycle. 
 There are many benefits of environmentally preferable purchasing program, 
which can be outlined as follows: 
• Reducing negative impacts on the environment and on human health. 
• Buying products that can be recycled helps keep the recycling programs 
running, which were developed to reduce the consumption of natural resources. 
• Buying the products that are less toxic can help improve worker’s safety, 
reduce regulatory cost and reduce disposal cost. 
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• Buying the products that are reusable helps reduce waste, which in the 
long run will reduce the disposal and treatment cost. (U.S. EPA, 2007b) 
 
2.1.1  EPP Guiding Principles by EPA 
According to E.O. 13101, Federal agencies should consider the recovered 
materials and any environmentally preferable purchasing criteria developed by the EPA. 
Therefore, the EPA has developed five guiding principles to provide broad guidance for 
applying environmentally preferable purchasing in the Federal government setting. (U.S. 
EPA, 2007c) 
The EPA (U.S. EPA, 2007a) stated that, “Applicability of these principles in 
specific acquisitions will vary depending on a variety of factors such as: 
• The type and complexity of the product or service being purchased; 
• The availability (commercial and non-commercial) of the product and 
service; 
• The type of procurement method used (e.g., negotiated contract, sealed 
bid, etc.); 
• The time frame for the requirement; 
• The dollar amount of the requirement. 
Also, in all acquisitions, Federal agency personnel use their professional judgment 
and common sense, whether assessing a product or service’s performance, cost, or 
availability. Similarly, in applying these environmentally preferable principles, Federal 
agency personnel should use reasonable discretion about the level of analysis needed to 
determine environmental preferability.” 
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 The EPA five guiding principles for the EPP are as follows (directly from U.S. 
EPA 2007a): 
1. “Environment + Price + Performance = Environmentally Preferable 
Purchasing (EPP) 
Environmental considerations should become part of normal purchasing 
practice, consistent with such traditional factors as product safety, price, 
performance, and availability. 
2. Pollution Prevention 
Consideration of environmental preferability should begin early in the 
acquisition process and be rooted in the ethic of pollution prevention, which 
strives to eliminate or reduce, up-front, potential risks to human health and the 
environment. 
3. Life Cycle Perspective/Multiple Attributes 
A product or service’s environmental preferability is a function of multiple 
attributes from a life cycle perspective. 
4. Comparison of Environmental Impacts 
Determining environmental preferability might involve comparing 
environmental impacts. In comparing environmental impacts, Federal agencies 
should consider the reversibility and geographic scale of the environmental 
impacts, the degree of difference among competing products or services, and the 
overriding importance of protecting human health. 
5. Environmental Performance Information 
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Comprehensive, accurate, and meaningful information about the 
environmental performance of products or services is necessary in order to 
determine environmental preferability.” 
 
2.2  Pollution Prevention Concept 
 Pollution prevention is one of the five guiding principles of EPP; thus, knowing 
this term would help to understand the in-depth of EPP’s product evaluation process. 
 
2.2.1  Definition of Pollution Prevention (P2) 
 Pollution prevention, or P2, is a term used to describe production technologies 
and strategies that result in eliminating or reducing waste streams. The EPA defines 
pollution preventions as, “the use of materials, processes, or practices that reduce or 
eliminate the creation of pollutants or wastes at the source. It includes practices that 
reduce the use of hazardous materials, energy, water or other resources and practices that 
protect natural resources through conservation or more efficient use” (U.S. EPA, 1991). 
Others (U.S. EPA, 2009) can define it as “reducing or eliminating waste at the source by 
modifying production processes, promoting the use of non-toxic or less-toxic substances, 
implementing conservation techniques, and re-using materials rather than putting them 
into the waste stream.” 
 In contrast to most pollution control strategies, which seek to manage a pollutant 
after it is formed and reduce its impact upon the environment, the pollution prevention 
approach seeks to increase the efficiency of a process, thereby reducing the amount of 
pollution generated as its source. 
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  Pollution prevention activities range from product changes to process changes to 
changes in method of operation. This wide variety of activities is depicted in Figure. 2.1 
(Freeman, 1995). 
 
Figure 2.1 Typical source reduction methods. (Source: Bishop P., 2000) 
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2.3 Life Cycle Assessment (LCA) Concept 
Life cycle assessment (LCA) is one of the five guiding principles of EPP; thus, 
knowing more about this term would help to understand the in-depth of EPP’s product 
evaluation process. 
 
2.3.1  Definition of Life cycle assessment (LCA) 
The term, “Life cycle assessment” is defined in Section 211 of E.O. 13101 to 
mean “the comprehensive examination of a product’s environmental and economic 
aspects and potential impacts throughout its lifetime, including raw material extraction, 
transportation, manufacturing, use, and disposal.” 
 The International Standards Organization, through ISO 14040, has defined LCA 
slightly differently. The document states, “Compilation and evaluation of the inputs, 
outputs, and the potential environmental impacts of a product system throughout its life 
cycle” (U.S. EPA, 2007d). 
 Also, the other easy to understand definition of LCA is an evaluation of the 
environmental effects associated with any given activity from the initial gathering of raw 
material from the earth until the point at which all residuals are returned to the earth 
(Vigon et al., 1993). Life cycle assessments are used to identify and measure both 
“direct” (e.g., emissions and energy use during manufacturing processes) and “indirect” 
(e.g., energy use and impacts caused by raw material extraction, product distribution, 
consumer use, and disposal) (Nash and Stoughton, 1994). A simple depiction of this can 
be seen in Figure 2.2. 
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Figure 2.2 Life-cycle assessment stages and boundaries. (Source: Bishop P., 
2000) 
 
 Bishop (2000) stated that, “the systematic approach of LCA provides a true 
measure of the impact of a particular product or process. Unlike an environmental audit 
of an industrial process, which focuses on one particular facility and usually only on the 
activities that occur on the site, LCA looks at the linked interactions of the firm with the 
action of its suppliers and customers. The result is a total cradle-to-grave analysis of the 
environmental impact of a product.” 
 Bhat (1996) mentioned that, “LCA has been defined as an attitude through which 
manufacturers accept responsibility for the pollution caused by their products from 
design to disposal. This is a major change from the traditional philosophy that the 
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responsibility begins with the raw material acquisition and ends with the sale of the 
finished products.” 
Life-cycle assessments can be used for a number of purposes. A survey (Breville 
et al., 1994) showed the motivations for conducting LCAs as presented in Figure 2.3.  
 
 
 
Figure 2.3 Motivations for implementing LCA. (Source: Bishop P., 2000) 
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Foust and Gish (1996) mentioned that, “Life-cycle assessments performed for 
product and/or process improvement and/or cost reduction will remain the primary 
drivers; LCAs performed for cost reduction reasons will likely increase in the future, as 
waste disposal costs continue to increase. The second tier of motivators – decision 
making, proactive environmental positioning, and customer requirements – will continue 
as important drivers, with the last probably increasing. The other lower-tier drivers will 
vary slightly in significance but will probably remain as lower-tier drivers.” 
 
2.3.2  Life cycle assessment (LCA) Methodology 
 The Society of Environmental Toxicology and Chemistry (SETAC) has been 
established, and refined the procedures of the components of the principal of life-cycle 
assessment. 
 The LCA of the products consists of four interdependent components: goal 
definition and scoping, inventory analysis, impact assessment, and improvement 
assessment/interpretation (SETAC, 1993a , Freeman, 1995, SAIC, 2000, Ghassemi, 
2002, and U.S. EPA, 2007d). 
• “ Goal Definition and Scoping – Define and describe the product, process 
or activity. Establish the context in which the assessment is to be mad and 
identify the boundaries and environmental effects to be reviewed for the 
assessment. 
• Inventory Analysis – Identify and quantify energy, water and materials 
usage and environmental release (e.g., air emissions, solid waste disposal, 
wastewater discharges) or conduct a Life Cycle Inventory (LCI). 
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• Impact Assessment – Assess the potential human and ecological effects of 
energy, water, and material usage and the environmental release identified 
in the inventory analysis. 
• Improve assessment/Interpretation – Evaluate the results of the inventory 
and analysis and impact assessment to select the preferred product, 
process or service with a clear understanding of the uncertainty and the 
assumptions used to generate the results.” 
 
These 4 components of LCA can be depicted in Figure. 2.4 
 
Figure 2.4 Components of a life cycle assessment. (Source: Bishop P., 2000) 
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2.3.3  Resources and Tools for LCA 
 There are several software tools and packages available that have the capability to 
perform life cycle assessment. These are developed using the database of environmental 
information available for products. The choice of the software tool or the database will 
depend upon the definition and scope of the LCA to be performed, the category of the 
product, details needed for information of the life cycle of a product, the priorities of 
impact assessment and the design aspects of product, service or facilities. These tools 
follow the same principles, but differ depending upon where they are applied. 
 The following section will describe some examples of existing LCA tools that are 
available in the market. Some of these tools are designed and developed by the experts 
specifically for the LCA practitioners who are highly skilled in interpreting the 
information provided by these tools. These software tools are targeted for the experts 
working on the design of a specific product, service or even a facility (e.g. a building) 
that is targeted to be ecologically friendly. 
 
2.3.3.1 Tool for the Reduction and Assessment of Chemical and other 
Environmental Impacts (TRACI) 
 It is a software that was developed by the U.S. EPA. TRACI allows for the 
examination of the potential for impact associated with the raw material usage and 
chemical release resulting from the processes involved in producing a product. The 
impact categories that are evaluated in this software are, “ozone depletion, global 
warming, acidification, cancer, noncancer, criteria, eutrophication, smog formation, 
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ecotoxicity, fossil fuel use, land use, and water use” (Bare, 2002, Bare et al., 2003, and 
U.S. EPA, 2004).   
 
2.3.3.2 Chain Management by Life Cycle Assessment (CMCLA) 
 It is a software developed by Centre of Environmental Science (CML) at Leiden 
University. It is a software tool that is intended to support the technical steps of the LCA 
procedure. (Leiden University, 2007). 
 
2.3.3.3 Building for Environmental and Economic Sustainability (BEES 3.0) 
 It is a software developed by the National Institute of Standards and Technology 
(NIST) with the support of Building and Fire Research Laboratory and the EPA. The 
software is primarily used to measure or estimate the environmental impacts for a 
complete life cycle of building products. The tested version contains environmental and 
economical information for more than 200 building products. It is available for free to 
download from its website. (NIST, 2007). 
 
2.3.3.4 Eco-Indicator 99 
 It is a software developed by PRe consultants in the Netherlands. It evaluates the 
environmental impacts and outputs a score for a product. It provides a complete 
assessment with details of fate, exposure, effect, and damage analysis. The damage 
categories considered are for human health, ecosystem and resource. (PRe Consultants, 
2007a) 
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2.3.3.5 The Environmental Impact Estimator 
 It is a software developed by ATHENA Institute located in Canada.  It is the only 
software tool in North America that evaluates whole buildings and assemblies based on 
LCA methodology (The Athena Institute, 2007). It allows the building designer to 
compare the alternative design of buildings by estimating the environmental impacts. The 
software comes with a large database of life cycle inventory. The environmental effects 
taken into consideration are material manufacturing and recycled content, transportation, 
on-site construction, variation in the use of energy by regions, type of building and its 
assumed life span, maintenance and repair effects, demolition and disposal, and operation 
energy emissions. 
 
2.3.3.6 SimaPro 7 ® 
 It is a software developed by PRe consultants in the Netherlands. It is a 
professional software tool that contains several impact assessment methods and several 
inventory databases, which can be edited and expanded without limitation. It can 
compare and analyze complex products with complex life cycles. (PRe Consultants, 
2007b) 
 
2.3.3.7 TEAM TM 
 It is a software developed by Pricewaterhouse Coopers Ecobilan Group. It is a 
professional tool for evaluating the life cycle environmental and cost profiles of products 
and technologies. It contains comprehensive database of over 600 modules with 
worldwide coverage. (PCEG, 2007) 
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2.3.3.8 Umberto ® 
 It is a software developed by the Institute for Environmental Informatics at 
Hamburg in Germany. Umberto serves to visualize material and energy flow systems. 
Data are taken from external information systems or are newly modeled and calculated. 
(IEI, 2007) 
 
 
2.4  Multiple Criteria Decision Making (MCDM) 
 
2.4.1  Overview of Multiple Criteria Decision Making (MCDM) 
Zeleny (1998) stated that, “Multiple Criteria Decision Making (MCDM) is firmly 
rooted in an alternative concept of optimality where multiple (rather than single) criteria 
characterize the notion of “the best” (or optimal), as is prevalent in the areas of 
economics, engineering, management, and business.” 
Mendoza and Prabhu (2000) stated that, “MCDM can be defined as a decision 
making tool that enables the rigorous selection of the most preferable choice in a context 
where several criteria apply simultaneously.” 
More reviews and texts that provide a deeper background and further references 
for the MCDM related topics include Fishburn (1970), Cohon (1978), Goicoechea et al. 
(1982), Farquhar (1983), Yu (1985), Steuer (1986), Aksoy (1990), Dryer et al. (1992), 
Prabhu et al. (1996 & 1998), and Liu (2007). 
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Also, Mendoza and Prabhu (2000) stated that, “In a rational decision making 
environment, the most preferable choice is generally bounded to managerial objectives 
and the constraints that limit choice as well as the achievement of objectives. Consider 
the ease at which a decision, based on a single objective or criterion, is made. Assume 
that the choices or options relevant to that criterion are defined as: x1, x2, x3,…, xn. In 
addition, assume that the objective can be measured in terms of an objective value, 
represented by Z. In a formal model, the decision making problem can be described as:    
 
Optimize Z = f (x1, x2, x3,…, xn)   (1) 
 
Where f (x1, x2, x3,…, xn) is the function that gives the attainment value of the objective, 
given the choice. In this context, the problem can be described as: which of the options 
should be chosen in order to optimize the achievement of the objective. 
 MCDM is a simple extension of the problem described above. That is, instead of 
having only one objective or criterion based on a decision maker can make a choice 
among the different options, there are now multiple objectives or criteria to consider. 
Hence, the problem can be described as follows: 
 
   Optimize Z1 = f (x1, x2, x3,…, xn) 
   Optimize Z2 = f (x1, x2, x3,…, xn)   (2) 
Optimize Zk = f (x1, x2, x3,…, xn) 
Where, Z1, Z2,…, Zk are the different criteria. 
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 If all f1, f,…, fk are known functions, the (2) is a special class of MCDM called 
multiple objective programming. If some of the fi (i = 1, 2,..., k) are best described as 
discrete non-functional relationships, (2) is generally referred to as multi-attribute 
decision making. Most often, the criteria are expressed as attributes which can be 
quantitative, qualitative, or both. 
 In applying MCDM within the framework of the criteria and indicators (C&I) 
measurements for assessing environmentally preferable purchasing products, with life 
cycle assessment and sustainability of products, the criteria;  Z1, Z2,…, Zk, take the form 
of discrete attributes and are not defined as continuous functional relationships. Instead, 
they take general qualitative forms some of which are measurable directly or implicitly, 
while others are inherently qualitative and defy formal quantification. Likewise, the 
indicators under each criterion can also be both quantitative and/or qualitative. 
 MCDM has desirable characteristics that make it suitable for the EPP+ by giving 
it a set of C&I parameters. These features include: 
• Capability to accommodate multiple criteria in the analysis. 
• It is participative, allowing the direct involvement of multiple experts, 
interest groups or stake holders. 
• Analysis need not be data intensive. In fact, the procedure can be used 
with a minimal amount of information. In some cases, expert opinions may be 
used in the absence of adequate data. 
• MCDM can work with mixed data. It allows for the incorporation of both 
qualitative and quantitative information. Qualitative information can be both 
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pseudo-quantifiable (by using proxy measures) and/or inherently non-
quantifiable. 
• The analysis is transparent to participants. 
 
In the context of the C&I hierarchy described in Figure 2.5, the MCDM decision 
problem may now be viewed as a process involving the determination of the relative 
importance of each C&I element relative to the higher levels of the hierarchy. Insights 
gained from this analysis can be used in a variety of ways:  
 
• prioritization of principles in terms of their significance to overall EPP+,  
• prioritization of criteria under each principle; and 
• prioritization of indicators under each criterion.  
 
These prioritized lists can be used to: (1) guide decisions relative to what criteria 
and/or indicators are considered significant, and must be examined in the EPP+ program 
in light of limited resources and time constraints; and (2) focus on those criteria and 
indicators that are considered most significant where the performance of the EPP+ 
product is found lacking.” 
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Figure 2.5 Hierarchical structure of C&I in EPP+ 
 
2.4.2  Multiple Criteria Decision Making (MCDM) Methodology 
Mendoza and Prabhu (2000) stated that, “There are three MCDM methodologies 
that could be used in C&I assessment: 
(1) Pairwise comparisons method 
This approach distills the complex C&I decision problem into a series of one-on-
one judgment regarding the significance of each pair of indicators relative to one 
criterion. 
(2) Ranking method 
This approach is different from the pairwise comparison method in that C&I 
elements are not compared one-on-one. Instead, they are judged by their degrees of 
importance and are then give ranks accordingly. 
(3) Rating method 
 It is like the ordinal ranking method, in that all indicators are judged by their 
relative degrees of importance, indicated by ‘scores’ instead of cardinal ranking.” 
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2.5  Sustainability Concept 
 
2.5.1  Definition of Sustainability 
The term, “sustainability” and  “sustainable” is defined in Section 19 (l) of E.O. 
13514 to mean “create and maintain conditions, under which humans and nature can exist 
in productive harmony, that permit fulfilling the social, economic, and other requirements 
of present and future generations”. The terms, sustainable development and 
sustainability, are used interchangeably throughout this research. 
 Over the past 30 years, the concept of sustainability has evolved to reflect 
perspectives of both the public and private sectors. A public policy perspective would 
define sustainability as the satisfaction of basic economic, social, and security needs now 
and in the future without undermining the natural resource base and environmental 
quality on which life depends. From a business perspective, the goal of sustainability is to 
increase long-term shareholder and social value, while decreasing industry’s use of 
materials and reducing negative impacts on the environment. 
 This is a goal of the EPP+ tool and the software protocol developed under this 
dissertation. If the EPP+ concept and product listings are used and expanded into more 
geographic regions, this would aid in achieving a sustainable economy.  
  
2.5.2  Criteria for Choosing Measures 
 Mortensen (1998) stated, “When attempting to measure sustainable development, 
or progress made towards it, it is important to focus on aspects that effectively capture the 
essence of the issue. The multitude of aspects contained in this concept makes it 
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necessary to address only those aspects that are of particular importance. Furthermore, 
the measurement of sustainable development is obviously contingent upon the 
availability of necessary data. 
 Various criteria have been developed by organizations, governments, and others 
in an attempt to measure sustainable development. In recent years the following criteria 
have been used by various organizations and governments (United Nations, 1996b; 
OECD, 1994): 
 
• relevant: the phenomenon measure should have direct relevance to 
sustainable development; 
• understand: the measures should be simple, clear and unambiguous; 
• conceptual: the measures should be conceptually well-founded; 
• limited: the measures should be limited in number, remaining open-ended 
and adaptable to future developments; 
• data available: necessary data should be readily available or available at a 
reasonable cost-benefit ratio, adequately documented, of known quality, and 
updated at regular intervals. 
 
The criteria to be adopted in a given situation depend on the specific purpose of 
the measurements to be made within the context of that situation. Therefore, some 
measures may be used at the national level, others at the local level. However, the criteria 
listed above give good and comprehensive guidance for developing measures of 
sustainable development.” 
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2.5.3 Measure of Sustainable Development 
 According to Mortensen (1998) and Bishop (2000), “There are three aspects for 
measuring sustainable development. 
 
• Environmental aspects 
Environmental aspects of sustainable development include the following 
among others: the atmosphere, oceans, fresh water, forests, agriculture, 
land resources, biodiversity, chemicals and natural resources. All these are 
key environmental issues with implications for the ability of human 
societies to move towards a more sustainable development pattern. 
Examples of environmental measures are numerous; some of those used at 
the national level are concerned with pesticides and fertilizers, protected 
forests, land-use change, emissions of greenhouse gases, waste generation, 
and protected species (United Nations, 1996a) 
• Economic aspects 
Economic measures are routinely used by other decision-makers 
everywhere in the world. The best known example of such a measure 
(index) is the Gross Domestic Product (GDP), which together with its 
variants such as the Gross National Product (GNP) and the Gross National 
Income (GNI), is widely used as the primary macroeconomic measure of a 
country’s economic performance. Other economic measures, such as rate 
of inflation, money supply, etc., are also routinely used to check the 
economic health of a country everywhere in the world. 
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• Social aspects 
Some social measures, such as measure of population, health and 
education, are relatively well developed and used all over the world. 
However, adequate measures for other social aspects of sustainable 
development are still to be developed and used on a wide scale. They 
include poverty (income does not cover the issue adequately), civic life, 
human well-being, and cultural values. It is pointed out that some of the 
measures, referred to as social measures, are sometimes known as ‘human’ 
or ‘cultural’ measures.” 
  
For sustainability to be successful, economic, environmental, and social aspects 
must be considered together, since they are inextricably linked.  
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CHAPTER III 
EPP+ MODEL EVALUATION PROCESS 
 
 
3.1  Overview 
 This chapter will describe, modify, and summarize the procedure on EPP+ 
evaluation process based on “Guidelines for Purchasing Products: Under Affirmative 
Procurement (AP) and Environmentally Preferable Purchasing (EPP)” that are used at the 
GRC (Kocher, W.M. and Sekura, L., 2006). Since the development of the EPP+ web-
based application will be used only at NASA, GRC, it is necessary to study the 
requirements and the basic concept that will be using in this evaluation process.  
These EPP+ implement procedure processes at GRC can be depicted in Figure. 
3.1.  
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Figure. 3.1 EPP+ Implementation Procedure (Source: Kocher, W.M. and Sekura, L., 2006) 
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At the present time, there are 10 product categories that the EPA has been 
categorized in the EPP program. These 10 product categories are as follows: 
• Building and construction 
• Carpets 
• Cleaning 
• Electronics 
• Fleets 
• Food services 
• Landscaping 
• Meetings and conferences 
• Office supplies 
• Paper 
In each product category, environmental attributes and procurement guidance will 
be provided to each category. 
 Since NASA, GRC has its own product categories, the development of the EPP+ 
will focus on the guidelines that were created by the Environmental Management Office 
(EMO) at NASA, GRC. 
 At present, the EPP+ program at NASA, GRC has 5 product categories. They are 
as follows: 
• Cleaners; light-duty cleaners, heavy-duty degreasers, parts washers & 
degreasers, precision cleaners, electrical contact cleaners, defluxers 
• Paints, Coatings, Adhesives; Paints, paint touch-up – aircraft, paint 
removers, coating removers, adhesive removers 
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• Machining fluids; Lubricants, coolants, dyes, cutting fluids 
• Automotive or Fleet Products; Automotive degreasers, brake cleaners, tire 
glue, tire beadsealer, A/C flush solvent 
• Home & Janitorial Products; Light-duty cleaners, adhesives, adhesive 
removers, paints, paint removers, toilet bowl cleaners 
The products currently used by NASA, GRC that contain ingredients threatening 
to health, environment and safety will be targeted for possible replacement by the EPP+ 
program. Also, the products that contain the restricted listings of chemicals (such as those 
hazardous to the environment or those that contain carcinogen potential ingredients, etc) 
will require a waiver form that they are absolutely required to use. Thus, these products 
which contain the restricted listing of chemical will not be evaluated in the EPP+ process, 
if they do not fill out the form. 
Once the potential replacement products or candidate products are selected, which 
can be obtained from the approved lists of agency environmental catalogs such as the 
General Services Administration (GSA) catalogs, the detailed information of these 
products needs to be obtained whether by manufacturer or other sources. For example, 
selecting products in the cleaner category that contain many chemicals may require the 
manufacturer MSDS (Material Safety Data Sheet), TDS (Technical Data Sheet), CASRN 
(Chemical Abstract Services Registry Number), etc.  After detailed information of the 
selected product is obtained, the product will be reviewed and scored for 8 assessment 
factors or criteria which are 
• Affirmative Procurement; Recycle content, Bio-based products 
• Performance:  Applicability and Performance Record 
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• Price: Capital Costs, Operations & Maintenance Costs, Payback Period 
• Meeting Goals: Recycle Potential, Solid Waste Minimization, Hazardous 
Waste Minimization 
• Conservation: Water Use Reduction, Energy Use Reduction, Other 
Resource Reduction 
• Facility Environmental, Health and Safety (EHS): Environmental 
Emissions, Health Risk Benefit, Safety Hazard Benefit 
• Environmental Impact Potential: Bioaccumulation, Environmental 
Damage, Global Issues 
• Compliance: Regulatory Benefit, Executive Order (EO) & Policy Benefit, 
Reduction of Liabilities 
The weighting factors will be decided by a P2 (Pollution Prevention) team and 
will be given a scoring assessment of each factor or criteria based on the product-use 
category. The value of the weighting factors will vary between 0.0 and 1.0. These 
weighting factors represent the relative importance of each assessment factor or criteria. 
For example, for a product that cleans a critical aerospace part, all the weighting factor 
under the performance assessment factors may be 1.0, and other factors might be reduced 
to reflect the priorities.  For heavy-duty cleaning products, the weighting factor under the 
health, safety, environmental issues and price may be given high factor values, and 
performance factors might be reduced. 
After the weighting factors have been assigned to each assessment factor of the 
selected product, the calculation of the score for the product will be input on the scoring 
worksheet. The score of the selected product is calculated by multiplying the weighting 
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factors to an assigned numeric rating score, which ranges from 0 to 5 in each assessment 
factor. The detail of the rating score will be described in the next section. 
The complete scoring worksheet of the off-the-shelf products that have been 
reviewed and scored by the EPP+ personnel will be submitted to the department director. 
  
3.2  Product Rating Guidelines 
  All the potential replacement products that have been selected for the EPP+ 
program will be given a score for each assessment factors by numerical rating score. 
These numerical ratings range from 0 to 5, where 0 means the least desired and 5 means 
the most desired.  
 
3.2.1 Affirmative Procurement (AP) 
 The Affirmative Procurement (AP) program is a program that regulated the 
Federal agencies, including NASA, to purchase products made with recovered and 
recycled materials. Therefore, this is the first assessment factor that will be consider in 
the EPP+ program. 
 There are two criteria of AP standards that will be using to determine this first 
assessment factor: recycled content and biobased content. 
 
3.2.1.1 Recycled Content 
Based on the definition by the Federal Trade Commission (FTC) and the 
Environmental Protection Agency (EPA), “recycled” products are defined as,  “the 
products that are made from items recovered or separated from the “waste stream” that 
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are melted down or ground up into raw materials and then used to make new products” 
(FTC, 1999). 
Rating Guideline of Recycled Content 
For each product, find the minimum threshold for meeting EPA-designate 
recycled content targets for the type of product you want to buy. Then, give each product 
a rating against that threshold (target). 
Table 3.1: Rating guidelines for the recycled content of product 
Rating Contains the following % or threshold recycled content for product category 
5 Above 50% of recycled contents 
4 Above 25% and up to 50% of recycled contents 
3 Above AP threshold value and up to 25% of recycled contents 
2 Equal AP threshold value of recycled content 
1 Below AP threshold value of recycled content 
0 Product does not contain recycled or reclaimed materials 
 
An example of using this rating guideline is provided as follows: 
For rating a product in the “paper” category, 30% of recycled content in the paper 
is required for this type of product by EPA’s paper purchasing guideline for recycled 
content of AP. Therefore, a paper product that contains 30% of the recycled content will 
be given a rating score of 2. Or a paper product that contains 40% of the recycled content 
will be given a rating score of 4, the percentage of the recycled content of a selecting 
product (40%) subtracted by the AP percentage threshold (30%) and divided by the AP 
percentage threshold (30%) times 100 equals to 33% more than the AP percentage 
threshold that in this case falls into rating equals to 4. 
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3.2.1.2 Biobased Content 
As defined in Executive Order 13101, “Biobased product” means, “a commercial 
or industrial product (other than food or feed) that utilizes biological products or 
renewable domestic agricultural (plant, animal, and marine) or forestry materials.” 
Rating Guideline of Biobased Content 
For each product, find the minimum threshold for meeting EPA- or USDA-
designate biobased content targets for the type of product you want to buy. Then, give 
each product a rating against that threshold (target) 
   
Table 3.2: Rating guidelines for the biobased content of product 
Rating Contains the following % or threshold biobased content for product category 
5 Above 50% of biobased contents 
4 Above 25% and up to 50% of biobased contents 
3 Above AP threshold value and up to 25% of biobased contents 
2 Equal AP threshold value of biobased content 
1 Below AP threshold value of biobased content 
0 Product does not contain biobased materials 
 
An example of using this rating guideline is provided as follows: 
For rating a product in the “cleaning” category, 30% of biobased content in the 
cleaning product, if it is citrus based, is required for this type of product by USDA’s 
cleaning product purchasing guideline for biobased content of AP. Therefore, a cleaning 
product that contains citrus based product that contains 30% of the biobased content will 
be given a rating score of 2. Or a cleaning product that contains citrus based product that 
contains 50% of the biobased content will be given a rating score of 5, the percentage of 
the biobased content of a selecting product (50%) subtracted by the AP percentage 
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threshold (30%) and divides by the AP percentage threshold (30%) times 100 equals to 
67% more than the AP percentage threshold that in this case falls into rating equals to 5. 
 
3.2.2 Performance 
This category would be a measurement of the product performance. There are two 
criteria of performance product measurement that will be using to determine this second 
assessment factor: applicability and performance record. 
 
3.2.2.1 Applicability 
This will rate the product on its effective use for similar purposes (versus its 
performance for the purpose intended) either at NASA, military applications, or industrial 
uses similar to NASA use. 
Rating Guideline of Applicability 
The products that are used effectively at NASA facility would be rated at the 
highest score; in this case, it would be 5. The rest of the score will be related to the 
application of the product to the other facility. 
 
Table 3.3: Rating guidelines for the applicability 
Rating Products has been used effectively: 
5 At NASA facilities 
4 At other federal facilities 
3 For industrial uses 
2 For miscellaneous uses 
1 Product with no clear track record 
0 Product still in research and development stage 
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3.2.2.2 Performance Record 
This will rate the product on its effective use especially, for the purpose intended, 
either at NASA, military applications, or industrial uses similar to NASA use. 
 
Rating Guideline of performance record 
The rating would be referred to the most desirable products that have been tested 
and verified by NASA for effectiveness of the product. 
 
Table 3.4: Rating guidelines for the performance record 
Rating Products has been tested and: 
5 Verified for effective uses at NASA 
4 Verified for effective uses at similar facilities 
3 Produced positive test results for categorical uses 
2 Produced mixed test results for categorical uses 
1 Product has not been tested 
0 Product has been tested but give very poor test result 
 
3.2.3 Price 
There are three criteria of price of the product category that will be used to 
determine this third assessment factor: capital costs, operation & maintenance (O&M) 
costs, and payback period. 
 
3.2.3.1 Capital Costs 
This would include the initial price of the product itself, including any initial 
necessary supplies, transportation and handling, installation, and taxes and insurance. The 
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costs may also reflect initial compliance costs that are not always obvious to product 
users. 
Rating Guideline of capital costs 
Compare all the products in this category and determine the product that has the 
highest total capital costs. The highest total capital costs product will be used as the 100% 
level. Then, compare the percentage of difference of each product to the highest total 
capital costs product. 
 
Table 3.5: Rating guidelines for capital costs 
Rating Comparison of the percentage of the product to the highest capital cost 
5 Product has no capital costs 
4 Product has minimal costs and up to 20% 
3 More than 20% and up to 40% 
2 More than 40% and up to 60% 
1 More than 60% and up to 80% 
0 More than 80% 
 
An example of using this rating guideline is provided by following: 
For rating the capital costs of a product in the “cleaning” category, assuming the 
highest capital costs of the product in the “cleaning” category is $10,000, the capital costs 
for replacement cleaning “A” is $4,000. Compare the percentage of the capital costs of 
cleaning “A” to the highest capital costs product by dividing the capital costs of cleaning 
“A” ($4,000) with the amount of the highest capital costs product ($10,000) and then 
times 100, the result would be 40% compare to the highest capital costs. 3 would be the 
rating of this product. The highest capital costs product would automatically be rated at 0. 
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Operation and Maintenance Costs (O&M) 
The O&M costs and considerations will include the following: 
• Supplies 
• Storage/expiration/price breaks 
• Cleanup, including hazardous waste 
• Training-labor & materials 
• Maintenance & repair (durability) 
• Recovery/reuse/remanufacture/recycling 
• Personal protection equipment 
• Other indirect costs 
• Treatment/disposal 
• Enhanced productivity 
• Costs associated with compliance 
• Cost of waste minimization efforts 
• Regulations – permits 
• Potential liabilities – non-regulatory 
• Emergency management 
• Property tax & insurance 
• Utilities and resources 
• Record-keeping/paperwork processing 
• Medical surveillance 
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Rating Guideline of Operation and Maintenance (O&M) Costs 
Compare all the products in this category and determine the product that has the 
highest total O&M costs. The highest total O&M costs product will be used as the 100% 
level. Then, compare the percentage of difference of each product to the highest total 
O&M costs product. 
 
Table 3.6: Rating guidelines for operation and maintenance (O&M) costs 
Rating Comparison of the percentage of the product to the highest O&M cost 
5 Product has no O&M costs 
4 Product has minimal costs and up to 20% 
3 More than 20% and up to 40% 
2 More than 40% and up to 60% 
1 More than 60% and up to 80% 
0 More than 80% 
 
An example of using this rating guideline is provided by the following: 
For rating the O&M costs of a product in “cleaning” category, assuming the 
highest annually O&M costs of the product in “cleaning” category is $10,000, the 
annually O&M costs for replacement cleaning “A” is $2,000. Compare the percentage of 
the annually O&M costs of cleaning “A” to the highest annually O&M costs product by 
dividing the annual O&M costs of cleaning “A” ($2,000) with the amount of the highest 
annually O&M costs product ($10,000) and then times 100, the result would be 20% 
compare to the highest annually O&M costs. 4 would be the rating of this product. The 
highest annually O&M cost product would automatically be rated at 0. 
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3.2.3.2 Payback Period 
The payback period in the easy to understand concept is the length of time that 
something takes to pay for itself. It is often widely used with the energy efficiency 
products.  
Rating Guideline of Payback Period 
Compare initial cost of the product to the cost of annual saving. The shorter 
payback periods are preferable to longer payback periods. 
 
Table 3.7: Rating guidelines for payback period 
Rating Payback period (Years) 
5 Up to 1 year 
4 More than 1 year and up to 2 year 
3 More than 2 year and up to 3 year 
2 More than 3 year and up to 5 year 
1 More than 5 year and up to 10 year 
0 More than 10 year 
 
An example of using this rating guideline is provided by following: 
For rating the payback of a product in the “electronics” category, first of all, 
compare the difference between a new high efficiency energy product and an inefficiency 
energy product. Second, compare the difference between an annual energy cost with 
inefficiency energy product and high efficiency energy product. Then, calculate the 
payback period by dividing the difference of the two products costs (efficiency and 
inefficiency energy) by the different of the two annual energy costs. Assuming the cost of 
a new high efficiency energy product is $10,000 and the existing (inefficiency) energy 
product is $8,000, the difference for this cost would be $2,000. Then, assuming the 
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annual energy cost of the existing (inefficiency) product is $2,000 and the annual energy 
cost of the new high efficiency product is $1,000, the annual energy saving would be 
$1,000. Therefore, the payback period would be 2 years [$2,000/$1,000/year)], which is 
why this product would be rated at 4. 
 
3.2.4 Meeting Goals 
These goals are consistent with Executive Order, NASA policies, and ISO 14000 
criteria. There are three main goals which have been the focus of NASA’s effort to meet 
with. These three goals are recycle potential, solid waste minimization and hazardous 
waste minimization. 
 
3.2.4.1 Recycle Potential 
Recyclable products can be collected and remanufactured into new products after 
they have been used. These products do not necessarily contain the recycled material, and 
only benefit the environment if people recycle them after use. The product should not be 
rated as recyclable if the facility, NASA, has no intention of or capability to recycle it. 
The recycle potential opportunity would include some of the following factors: costs and 
time to find a recycler and for ongoing delivery/pickup, storage, handling/ transportation 
costs, record-keeping, and potential liabilities regarding to the reuse of the product and 
final disposal. 
Rating Guideline of Recycle Potential 
The qualitative measurement would be used to determine the amount of costs and 
effort that will offset the benefit in recycle potential. This is one of the most subjective 
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categories, and should involve the most input from those, such as a recycling program, 
that will physically be handling the ongoing recycling efforts.  
 
Table 3.8: Rating guidelines for recycle potential 
Rating Recycle potential 
5 Very High 
4 High 
3 Significant 
2 Moderate 
1 Poor 
0 Product cannot be recycled 
 
3.2.4.2 Solid Waste Minimization 
The most desirable products in this category would have the greatest potential for 
minimizing solid waste generation at NASA. The reduction of landfill space or landfill 
need is the main idea for this objective. For the most part, NASA’s solid waste will 
consist of paper and packaging, gloves and other personal protection equipments, and 
supplies. 
The solid waste minimization criteria would include some of the following 
factors: the degree of biodegradability, concentration, landfill reduction, personal 
protective equipments, supplies, packaging of the product and manufacturer practices. 
 
Rating Guideline of Solid Waste Minimization 
The qualitative measurement would be used to determine all the factors that are 
related in the solid waste minimization criteria. The subjective judgment will need to be 
used for rating these factors. 
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Table 3.9: Rating guidelines for solid waste minimization 
Rating Solid waste minimization potential 
5 Very High 
4 High 
3 Significant 
2 Moderate 
1 Poor 
0 Product offers no solid waste minimization potential 
 
3.2.4.3 Hazardous Waste Minimization 
Hazardous waste is waste that is dangerous or potentially harmful to someone’s 
health or the environment. Hazardous wastes can be many forms: solids, liquids, gases, or 
sludges. The discarded commercial products, like cleaning fluids or pesticides, or the by-
products of manufacturing processes, are some hazardous waste examples. 
For our purposes, if waste is hazardous under the federal guidelines, or state, 
local, or NASA guidelines, it will be considered in this category. 
The hazardous waste minimization criteria would include some of the following 
factors: the degree of corrosivity, ignitability or flammability, reactivity, toxicity, 
HAP/RCRA/SARA/CERCLA listed waste, state reporting, and manufacturer 
processing/practices. 
 
Rating Guideline of Hazardous Waste Minimization 
The qualitative measurement would be used to determine all the factors that are 
related in the hazardous waste minimization criteria. The MSDS sheets of the products 
would provide the degree measurement of hazardous waste characteristics: corrosivity, 
ignitability or flammability, reactivity, toxicity. This information may be represented by 
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the hazard rating standard maintained by the U.S.-based National Fire Protection 
Association (NFPA) or the Hazardous Materials Identification System (HMIS). The 
rating for these criteria may be interpreted as the higher degrees of these hazardous waste 
characteristics in the products and the lower rating in the hazardous waste minimization 
potential. 
Table 3.10: Rating guidelines for hazardous waste minimization 
Rating Hazardous waste minimization potential 
5 Very High 
4 High 
3 Significant 
2 Moderate 
1 Poor 
0 Product offers no hazardous waste minimization potential 
 
3.2.5 Conservation 
There are three main criteria in this assessment factor. They are the conservation 
of energy, water and other resources. The reduction or elimination of the use of resources 
is the main focus for this assessment factor. If a product or resource is eliminated, it also 
eliminates the need (and additional resources) to reuse and recycle. 
 
3.2.5.1 Energy Use Reduction 
 The most desirable products in this category would lead to the greatest reduction 
in energy usage at NASA. Look at how the product is formulated and how it will be used, 
and, if possible, how it is manufactured. Determine the type of energy use for the 
products in order to compare to the right standards. For examples, the product purchasing 
guideline for the Federal agencies to purchase the products in  the “electronics” category 
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should follow the Energy Policy Act of 2005, which requires Federal agencies to buy 
either ENERGY STAR products or products designated as energy efficient by the Federal 
Energy Management Program (FEMP)  
Rating Guideline of Energy Use Reduction 
The qualitative measurement would be used to determine the energy use 
reduction.  
Table 3.11: Rating guidelines for energy use reduction 
Rating Potential for energy use reduction 
5 Very High 
4 High 
3 Significant 
2 Moderate 
1 Poor 
0 Product offers no energy use reduction potential 
 
3.2.5.2 Water Use Reduction 
 The most desirable products in this category would have the greatest reduction in 
water usage at NASA. Determine the water use of the products, if applicable, in the 
products life cycle stages. 
Rating Guideline of Water Use Reduction 
The qualitative measurement would be used to determine the water use reduction. 
Table 3.12: Rating guidelines for water use reduction 
Rating Potential for water use reduction 
5 Very High 
4 High 
3 Significant 
2 Moderate 
1 Poor 
0 Product offers no water use reduction potential 
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3.2.5.3 Other Resources Use Reduction 
 The most desirable products in this category would have the greatest reduction in 
other resources usage at NASA. The focus should be on elimination of the use of non-
renewable resources like petroleum derived, or especially old-growth forest and 
rainforest products, animal-derived products, and the reduction of renewable resource 
use. 
Rating Guideline of Other Resources Use Reduction 
The qualitative measurement would be used to determine the other resource use 
reduction. 
 
Table 3.13: Rating guidelines for other resources use reduction 
Rating Potential for other resources use reduction 
5 Very High 
4 High 
3 Significant 
2 Moderate 
1 Poor 
0 Product offers no other resources use reduction potential 
 
An example of using this rating guideline is provided as follows: 
For rating a product in “cleaning” category, if the product is citrus-based with 
little added chemical content and no petroleum derivatives, 4 or 5 would be a rating for 
this product. Also, if a product contains a petroleum derivative with a strong smell and 
high color additives, 0 or 1 would be a rating for this product. 
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3.2.6 Facility Environment, Health, and Safety (EH&S) 
In this assessment factor, there are three criteria to be evaluated. They are 
environmental emissions, health risks benefits, and safety hazards benefits. The focus is 
on within-facility everyday standard use (versus accidental), i.e., expected emissions, 
health, and safety issues, for any exposure route (air, water, soil, skin contact). There are 
several groups of organization within NASA that are responsible for these subjects. They 
are the Executive Safety Board (ESB) within the Glenn Safety Organization (GSO), 
Labor Management Safety and Health Council (LMSHC), the Office of Safety and 
Assurance Technologies (OSAT), Environmental Management Office (EMO), and 
Security Management Office (SMO). 
 
3.2.6.1 Environmental Emissions 
The most desirable products in this category would provide the greatest 
environmental protection benefits and the largest reduction in pollutant release at NASA. 
The reduction of the pollutant release means the reduction of air emissions, water 
emissions or releases, and secondary pollutants. The most common chemicals that 
produce secondary pollutants are VOCs (volatile organic compounds), sulfur dioxide 
(usually indicated as SOx), and oxides of nitrogen (usually indicated as NOx). 
Rating Guideline of Environmental Emissions 
The qualitative measurement would be used to determine all the factors that are 
related in the environmental emissions criteria. The MSDS sheets of the products 
sometimes provide the details in ecological information, toxicity to wildlife, ecotoxicity, 
 55 
environmental fate, disposal considerations, or control measures. Use this information of 
the products to be rated. 
 
Table 3.14: Rating guidelines for environmental emissions 
Rating Potential for positive environmental benefits 
5 Excellent 
4 Good 
3 Moderate 
2 Limited 
1 Minimal 
0 Product does not provide positive environmental benefits 
 
3.2.6.2 Health Risks Benefits 
 The most desirable products in this category would provide the greatest reduction 
in health risks due to the use of the product at NASA. Consideration should be given to 
potential inhalation, skin contact (including absorption), eye exposure, and ingestion. The 
health risks benefits criteria would consider the following factors: 
• Carcinogens 
• Neurotoxins 
• Immunotoxins 
• Developmental/reproductive toxins 
• Other toxins 
• Irritants 
• Sensitization 
• Others, including odor 
• OSHA/ACGIH/NIOSH regulated 
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• Industrial Hygiene (IH)/ Chemical Management Team (CMT) additional 
lists 
Rating Guideline of Health Risks Benefits 
The qualitative measurement would be used to determine the health risks benefits. 
The information of the toxicological of the products can be found from the MSDS sheets 
of the products or from the products’ websites. Also, check under Hazard Identification 
for irritation/sensitization, and under Potential Health Effects. The National Institute for 
Occupational Safety and Health (NIOSH), the American Conference of Governmental 
Industrial Hygienists (ACGIH), and the American Industrial Hygiene Association 
(AIHA) pocket guides of the products would give the products’ chemical components. 
 
Table 3.15: Rating guidelines for health risks benefits 
Rating Potential for health risks benefits 
5 Excellent 
4 Good 
3 Moderate 
2 Limited 
1 Minimal 
0 Product does not provide health risks benefits 
 
3.2.6.3 Safety Hazards Benefits 
The most desirable products in this category would provide the greatest reduction 
in safety hazards due to the use of the product at NASA. This includes non-chemical 
(non-health) hazards employees may be exposed to. Non-chemical hazards would include 
flammability, reactivity (possibility of combustion/explosion/burns), and corrosivity. 
Also, a chemical’s pH of the product is a good indicator of reactivity. 
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Rating Guideline of Safety Hazards Benefits 
The qualitative measurement would be used to determine the safety hazards 
benefits. There are many sections from the MSDS sheets of the products that provided 
the information of physical and chemical properties (pH, flammability, etc), handling and 
storage, exposure controls & PPE, stability and reactivity, which can help in order to rate 
the products in this criteria. 
 
Table 3.16: Rating guidelines for safety hazards benefits 
Rating Potential for safety hazards benefits 
5 Excellent 
4 Good 
3 Moderate 
2 Limited 
1 Minimal 
0 Product does not provide safety hazards benefits 
 
An example of using this rating guideline is provided as follows: 
For rating a product in “cleaning” category, if the product contains pH in the 
neutral range (about 7) and is listed as a combustible product, 2 or 3 would be a rating for 
this product. Also, if a product is very high acidic or basic and is listed as a combustible 
product, 0 or 1 would be a rating for this product. 
 
3.2.7 Environmental Impact Potential 
Compared to the evaluation of the environmental emissions in the section of 
“Facility EH&S”, which dealt with everyday emissions from standard use, the focus of 
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this assessment factor is on the potential for local and global environmental damage 
based on accidental releases. 
There are three criteria that will be evaluated in this assessment factor. They are 
bioaccumulation, environmental damage (local), and global issues. 
 
3.2.7.1 Bioaccumulation 
Bioaccumulation is a function of the bioavailability of contaminants in 
combination with species-specific uptake and elimination process (EPA, 2000). It refers 
to the accumulation of substances, such as pesticides or other organic chemicals, in an 
organism or part of an organism (USGS, 2008). 
PBT (persistent bioaccumulative toxic) chemicals or compounds will be used as 
an indicator for evaluating this criteria. 
 There are 16 PBT chemicals and 4 PBT chemical compound categories that are 
subject to reporting under the EPCRA (Emergency Planning and Community Right-to-
Know Act) section 313: 
• 4 PBT chemical compound categories: 
- Dioxin and dioxin-like compounds 
- Lead compounds 
- Mercury compounds 
- Polycyclic aromatic compounds (PACs) 
• 16 PBT chemicals: 
- Aldrin 
- Benzo(g,h,i)perylene 
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- Chlordane 
- Heptachlor 
- Hexachlorobenzene 
- Isodrin 
- Lead 
- Mercury 
- Methoxychlor 
- Octachlorostyrene 
- Pendimethalin 
- Pentachlorobenzene 
- Polychlorinated biphenyl (PCBs) 
- Tetrabromobisphenol A 
- Toxaphene 
- Trifluralin 
The most desirable products in this category would provide the greatest 
bioaccumulation benefits and the largest reduction in pollutant releases at GRC. 
 
Rating Guideline of Bioaccumulation 
The qualitative measurement would be used to determine the potential for positive 
bioaccumulation benefits. The BCF (bioconcentration factor) rating will be used in order 
to determine the level of PBT or other chemicals. The information of BCF can be 
obtained from the MSDS sheets of the products. Products that may contain PBT 
chemicals/compounds will be considered to have the potential for significant adverse 
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environmental effects if they have either a measured bioconcentration factor (BCF) equal 
to or greater than 1000. The lower lever of the BCF of the chemicals, the better the 
positive bioaccumulation benefits. 
 
Table 3.17: Rating guidelines for bioaccumulation 
Rating Potential for positive bioaccumulation benefits 
5 Excellent 
4 Good 
3 Moderate 
2 Limited 
1 Minimal 
0 Product does not provide positive bioaccumulation benefits 
 
3.2.7.2 Environmental Damage (Region) 
In this category, consideration should be given to potential accidental pollutant 
emissions to air, including acid rain, groundwater, wastewater, and soil. 
The environmental damage (local) due to the accidental release of the product to 
the environment criteria would include the following factors:  
• Air quality issues; Six principal air pollutants (air quality standards) 
- Caron Monoxide (CO) 
- Nitrogen Dioxide (NO2) 
- Sulfur Dioxide (SO2) 
- Lead (Pb) 
- Ground Level Ozone (O3) (primary constituent of smog) 
- Particulate Matter 
• Water quality issues; water pollution 
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• Acid rain 
• TRI (Toxic Release Inventory) list issues 
The most desirable products in this category would provide the greatest reduction 
in potential environmental damage (local) due to the accidental release of the product at 
GRC. 
Rating Guideline of Environmental Damage (Local) 
The qualitative measurement would be used to determine the potential 
environmental damage (local) benefits. It will determine if there are any of these issues 
presented in the products, compare the products against one another and rate them. 
Table 3.18: Rating guidelines for environmental damage (local) 
Rating Potential for environmental damage (local) benefits 
5 Excellent 
4 Good 
3 Moderate 
2 Limited 
1 Minimal 
0 Product does not provide environmental damage (local) benefits 
 
An example of using this rating guideline is provided as follows: 
For rating a product in the “adhesive removers” category, if the product contains 
the TRI list chemicals, 0 would be a rating for this product, since TRI list chemicals 
would post the potential danger to the environment.  
 
3.2.7.3 Global Issues 
There are several factors to be considered in relation to these global issues. They 
are; 
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• Ozone layer depletion 
• Global warming/ Greenhouse gases emissions 
• Biodiversity 
One of the targets in Executive Order 13148 was to phase out the procurement of 
Class 1 ozone-depleting substances from the Federal agency by the end of 2010. 
Therefore, the elimination of Class 1 ozone-depleting substances or chemicals would 
reduce the effect of ozone layer depletion. 
For global warming issue, reducing the production of greenhouse gases to the 
environment would help with the issues with the global warming. The principal 
greenhouse gases that enter the atmosphere are carbon dioxide (CO2), methane (CH4), 
nitrous oxide (N2O) and fluorinated gases.  
Biodiversity is often used as a measure of the health of biological systems. If 
there are many hazardous chemicals or pollutants presented in the environment, a 
decrease in the biodiversity or an increase in extinction may occur. 
The most desirable products in this category would provide the greatest reduction 
in potential globally damaging effects due to the use of the product at GRC. 
 
Rating Guideline of Global Issues 
The qualitative measurement would be used to determine the potential for global 
issues benefits. Many sections of MSDS sheets of the products provide the information 
related to the issues of biodiversity, such as ecological information, toxicity to wildlife, 
and ecotoxicity. Use this information to help with rating the products. 
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Table 3.19: Rating guidelines for global issues 
Rating Potential for global issues benefits 
5 Excellent 
4 Good 
3 Moderate 
2 Limited 
1 Minimal 
0 Product does not provide global issues benefits 
 
3.2.8 Compliance 
There are three main criteria in this assessment factor. They are the regulatory 
benefits, Executive Order (EO) and policy benefits, and liabilities benefits. The benefits 
will be based upon a relative comparison with the products that create the greatest 
compliance challenges, whether the issues are environmentally-related (such as EPA 
regulations) or health and safety (OSHA regulations). 
 
3.2.8.1 Regulatory Benefits 
 The most desirable products in this category would provide the greatest relief 
from federal and state regulatory requirements at GRC. 
 The most pertinent major federal environmental laws are The Clean Air Act, 
Clean Water Act, RCRA (for land), and CERCLA (for groundwater). Also, the Toxic 
Substances and Control Act (TSCA) is the primary Federal statue regulating the use of 
certain chemicals and substances, including asbestos, PCBs, radon, and lead. Also, 
OSHA requirements present a major reporting and compliance issues. 
 Not only must the products comply with federal regulations, but also compliance 
with state and local regulations need to be considered. 
 64 
 Other than the compliance with those regulations that have stated above, other 
considerations are the issues of record-keeping, monitoring, reporting, permits and time 
consuming that are involved with the compliances of the products. 
 
Rating Guideline of Regulatory Benefits 
The qualitative measurement would be used to determine the regulatory benefits. 
The MSDS sheets of the products in the section of regulatory information would provide 
the information of compliance related issues. 
 
Table 3.20: Rating guidelines for regulatory benefits 
Rating Potential for regulatory benefits 
5 Excellent 
4 Good 
3 Moderate 
2 Limited 
1 Minimal 
0 Product does not provide regulatory benefits 
 
An example of using this rating guideline is provided as follows: 
For rating a product in the “heavy-duty degreaser” category, if the product does 
not contain any chemicals that are listed in those regulations, 4 or 5 would be a rating for 
this product. Also, if a product contains the most percentage of the listed chemicals that 
are regulated by those regulations, 0 or 1 would be a rating for this product. 
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3.2.8.2 Executive Order (EO) and Policy Benefits 
The most desirable products in this category would provide the greatest benefit 
regarding compliance with Executive Orders (EOs) and NASA policies; NASA Policy 
Directives (NPDs) and NASA Procedures and Guidelines (NPGs), at GRC, or in reducing 
compliance requirements. 
There are several EOs and NPDs/NPGs that will be considered for product 
evaluation. The following are the examples of the EOs and NPDs/NPGs: 
• NPG 8820.3 – P2 
• NPG 8830.1 – Affirmative procurement plan – EPPs 
• NPD 8820.3 – Facility sustainable design 
• EO 12856 – Goals for eliminating or reducing use of toxic chemicals 
• EO 12902 -  Water conservation 
• EO 12902 – Energy conservation 
• EO 13101 – Waste prevention & recycling 
• EO 13101 – Recycled products 
• EO 13123 – Greenhouse gas reduction 
• EO 13123 – Reduce petroleum products 
• EO 13123 – Reduce water consumption 
• EO 13123 – Reduce energy consumption 
• EO 13123 – Reduce targets: persistence, bioaccumulations, toxic, TRI, 
ozone 
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Rating Guideline of Executive Order (EO) and Policy Benefits 
The qualitative measurement would be used to determine the Executive Order 
(EO) and policy benefits. 
 
Table 3.21: Rating guidelines for Executive Order (EO) and policy benefits 
Rating Potential for Executive Order (EO) and policy benefits 
5 Excellent 
4 Good 
3 Moderate 
2 Limited 
1 Minimal 
0 Product does not provide EO & policy benefits 
 
 
3.2.8.3 Liability Reduction Benefits 
The most desirable products in this category would provide the greatest reduction 
of potential liabilities related to product use and disposal at GRC. Consideration will be 
given for reducing liabilities, such as employee legal exposures or medical surveillance if 
using a chemical with limited exposure requirements, and disposing of hazardous waste 
related to potential superfund sites.  
Rating Guideline of Liability Reduction Benefits 
The qualitative measurement would be used to determine the liability reduction 
benefits. 
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Table 3.22: Rating guidelines for liability reduction benefits 
Rating Potential for liability reduction benefits 
5 Excellent 
4 Good 
3 Moderate 
2 Limited 
1 Minimal 
0 Product does not provide liability reduction benefits 
 
An example of using this rating guideline is provided as follows: 
For rating a product in the “heavy-duty degreaser” category, if the product contain 
pH in the neutral range (about 7), has the biobased components listed as the ingredients 
(more than 50% of the threshold requirement), and no requirement for environment and 
safety issue, 4 or 5 would be a rating for this product. Also, if a product is a very high 
acidic or basic and has been listed as potential hazardous or posted danger to 
environmental or safety issue, 0 or 1 would be a rating for this product. 
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CHAPTER IV 
EPP+ WEB-BASED APPLICATION DEVELOPMENT 
 
 
4.1  Overview 
 The web-based application has been developed based on the EPP+ model 
evaluation process and product scoring system in the previous chapter.  This web-based 
application was developed by combining ASP.NET, a programming framework for 
creating web applications, along with Microsoft Access as the database management 
system; C# (“C-sharp”). serves as the programming language supported by the .Net 
framework.  
 There are 3 layers (3-tier architecture) for this web-based application structure. 
The three tiers include the following: 
• Data Layer – This database layer was developed by using Microsoft 
Access. At this layer, the data is stored, managed, organized, and retrieved 
whenever requested by the user. 
• Business Logic Layer – This layer contains the business logic such as 
product score calculations, and is developed by using C#. 
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• Presentation Layer – This layer has web forms where the user inputs the 
values and scores of the products, which were developed by using ASP.NET. This 
web form allows the user to perform various types of functions like entering, 
deleting, updating, and viewing the data. 
Figure 4.1 depicts this web-based application structure. 
 
 
 
Figure 4.1 Web-based application structure 
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A user will be able to score a product by using the web forms in the presentation 
layer. There are four main web forms identified as criteria configuration, category 
configuration, product configuration, and product replacement. The details of these web 
forms are explained later. 
For security and efficiency, the user cannot view or access the database directly. 
However, if the user tries to access the database directly, the application will not perform 
any calculations required to score the product. At that point, use or access of the database 
is merely not worth anything to the user. The user would use only the presentation layer. 
After completing the construction of this web-based application, the method of 
multiple criteria decision making will be applied to those results and provide the 
measurement of the products’ sustainability. 
 
 
4.2  EPP+ Web-Based Application Process 
 There were 2 main steps for constructing this EPP+ web-based application. These 
steps were: 
• Analyze Required Specifications 
• Design the structure 
 
4.2.1  Analyze Required Specifications 
 At the beginning of this project, the information needed to construct the 
appropriate application related to the product scoring system had to be analyzed; the 
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scoring system was explained in the previous chapter. All the requirements for this 
project needed to be identified. 
 There are 2 main requirements for this project. They are as follows; 
• General requirements 
• Technical requirements 
 
4.2.1.1 General Requirements 
In the evaluation process or product scoring process, the EMO (Environmental 
Management Office) will have the persons who gather all of the product information rate 
each product individually, and then input all the scores of the products back into the 
spreadsheet. Each spreadsheet represents each product’s category. In the spreadsheet, the 
scores of products in each assessment factor will be displayed. This information in the 
spreadsheets will be kept in the EMO department. When other departments in the 
facilities want to get this information, they need to contact the EMO personnel by phone 
or email. This is the deficiency in the communication process; time is lost while waiting 
on the phone to obtain the information or waiting for email replies from both sides (other 
departments and EMO personnel). The inconvenience for assessing the information, since 
the information is only available in the spreadsheets (both in the forms of hard copy or 
computer software) which kept in the EMO department, they must assign the area for 
keeping this information (loss of space) and assign the personnel for obtaining the 
information (loss of labor time). 
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Therefore, in order to solve the above problems in the product scoring process, 
the general requirements for this new system must be set in the web-based application. 
This new system will perform the following; 
 
• Support two types of users: Administrator and regular 
- Administrators are users who have an authorization for accessing 
the product scoring system, giving the weighting factors and rating 
or scoring of the products, monitoring the web-based application, 
and obtaining the replacement products. 
- Regular users are users who only obtain the replacement products. 
• Allow administrators to add unlimited criteria, categories and products 
- In the future, the system may have more than 8 main assessment 
factors or criteria, more products that will be evaluated in this 
system and more categories that will be created. 
• Allow both administrator and regular users to find the product replacement 
- This feature highlights the purpose of this system as it allows both 
administrator and regular users to find adequate replacement 
products within a specific product-use category. The logic of the 
score calculation will be addressed in this product replacement 
stage. 
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4.2.1.2 Technical Requirements 
This requirement is related to the technical issue of the system. Basically, it is 
what the system is able to perform when it is completed. 
First, this system can be accessed anywhere from any platform. Since this system 
is in the form of a web-based application, it can be access from any locations that has the 
Internet access. Also, this system is designed for all the platforms such as Windows, Mac, 
or Linux. This web-based application can be accessed thru different web surfers such as 
Internet Explorer, Firefox, Google Chrome, etc. This gives access to the system for a 
wide variety of users. 
Second, this system will be easy to maintain. For example, if there are bugs or 
errors in the program, the manufacturer will provide an update by allowing the users to 
download the new fixes. If any users did not download or update the program, the 
problem will still be present in those users’ program. For this particular system, if there 
are any bugs or errors to be fixed, the administrator who maintains the system will fix 
and correct the problem. After fixing the errors, the administrator will update the current 
version to the web. Therefore, it is an easy way to maintain the system by not involving 
many users in this process. Previously, users would have had to contact the original 
analyst, if they were able to track them down in the first. This feature enables the user or 
the administrator the ability to correct problems more efficiently and effectively. 
 
4.2.2  Design the Structure 
 There were four main steps in the design process which are; 
• Create Use Cases 
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• Design the Database Structure 
• Design the Business Logic Tier using C# 
• Design the Presentation Tier 
 
4.2.2.1 Create Use Cases 
 In the beginning of designing the system, the first step was to create the use cases. 
A use case is a description of a system’s behavior as it responds to a request that 
originates from outside of that system. In other words, a use case describes “who” can do 
“what” with the system in question. 
 In this system, we have two use cases which are regular user and administrator 
user. Since the general requirements stated that this system should support two types of 
users, it is obvious to have two use cases in the design process. 
The first use case is the regular user. Figure 4.2 shows the functions of the regular 
user. The functions that the regular user can perform are finding replacement products 
and changing password. Finding replacements is a function that allows the user to locate 
the product replacement in the category that the user selected. Changing password is a 
function that allows the user to change the password for logging in to the system. 
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Regular User
Change Password
Find Replacement
«uses»
«uses»
Figure 4.2: Use Case – Regular User 
 
The second use case is the administrator user. Figure 4.3 shows the functions of 
administrator user. There are six main functions that the administrator user can perform: 
configure criteria, configure category, configure product, manage user, review log, and 
find replacements. 
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Administrator
Configure Criteria
Configure Category
Configure Product
Add product
Edit product infomation
Change product's score
Delete product
Manage User
Review Log
Find Replacement
Add category
Edit category information
Change weighting factor
Delete category
Add criteria
Edit criteria information
Delete criteria
Add user
Edit user's profile
Delete user
«uses»
«uses»
«uses»
«uses»
«uses»
«uses»
 
Figure 4.3: Use Case – Administrator User 
  
In each main function, there are sub-functions that allow administrator users to 
perform the work that relates to the main function. For example, when the administrator 
user uses the configure criteria function, the administrator user can edit the criteria 
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information such as changing the criteria name or description. Also, the administrator 
user can add or delete the criteria in the system as they see fit. 
 The configure category function refers to the product-use category. The 
administrator user can edit the category information such as the name of the category, 
adding a new category or deleting a category. Also, the administrator user has the ability 
to change the weighting factor of the category. As mentioned in the previous chapter, 
each category will have its own weighting factors. Thus, allowing for change in the 
weighting factor would fulfill the goal for this function. 
 In the configure product function, the administrator user can edit the product 
information, or add or delete the product. Also, the administrator user has the ability to 
change the rating or score of the product.  
In the manage user function, the administrator user can edit the user’s profile. The 
user’s profile contains the information of the user which is user name, first name, last 
name, type of user such as regular or administrator, and contact information such as email 
address, phone number, or organization. Also, the administrator user has the ability to 
send the password for the users (both regular and administrator type) that are in this 
system. Adding or deleting users can be performed in this manage user function. 
In the review log function, the administrator user can monitor the activities of the 
system such as who is using the system, when the user is using the system, and what 
product in which category for which users are searching for product replacements. 
The find replacement function allows the administrator user to find the product 
replacement in the category that the administrator user selected. It is the same function as 
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used in the regular user’s find replacement. This is the only function that the 
administrator and regular user can both use 
 
4.2.2.2 Design Database Structure 
 The data tier called the database was developed using Microsoft Access. In 
designing the database one of the important things that was to be clearly identified was 
how the data are related to each other. The data are grouped into related fields and each 
group of fields is represented by tables, such as which tables are related in a one-to-many 
relationship (e.g. one product-use category will have the multiple products) and what is a 
many-to-many relationship (e.g., many products can related to many criteria or 
assessment factors). 
 One of the most important steps in designing a database is to make sure that the 
data is properly distributed among its tables, and this distribution is called database 
normalization. Normalization can be explained with a very deep and broad outlook, but 
efforts have been made to explain it in a simple way and pertain it to the scope of work 
for developing this web-based application. The important factors considered are as 
follows: 
• Use of key field 
 The key field in a table is used to define uniqueness that is used by other 
tables to relate to the fields. For example, the category and product tables have a 
unique ID (identification) through which they are related to each other and with 
their further tables. A key field should have the following characteristics for 
efficiency: it should be only one field and should be numeric, such as the 
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autonumber that is generated automatically by the Microsoft Access. It should not 
change automatically such as with a social security number. Any change in that 
number makes it difficult to search for records and their relationships. For better 
security for the key field, it should be hidden from the user. 
• The unique information is stored in one place 
Data that is the identical or related is stored in a specific place and referred 
to with an ID when a reference to it is needed. If some information is changed, it 
can be changed in one place and the information will change subsequently 
through the whole application. For example, the category table has a unique ID 
field (autonumber field) that is its key field, and the product and the weighting 
factor tables use it to refer to the category. Therefore, a category table, rather than 
storing all the products and weighting factors information, would simply refer to 
the product ID and weighting factors ID, which are related to category ID. 
 
In this database, the 2 components for the product evaluation are the product-use 
category (or the “Access” category-designated) and the product. 
 Category is considered to be the main parent. The product belongs to a category 
and so it is called its child. A product cannot exist without a defined category. Figure 4.4 
explains the category and product relationship. 
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Category C
 
Category A
 
Product A1
 
Product A2
 
Product B1
 
Product B2
 
Product C1
 
Product C2
 
 
Figure 4.4 Category and product relationship diagram 
 
Initially, there are eight (8) assessment factors or criteria for which a product will 
be evaluated or scored. A product cannot be scored without a category because the 
weighting factors for the criteria are at the category level and they are applied to the 
products. Also, the weighting factors remain the same for the same category, and so all 
the products that belong to this category will use the same weighting factors for the 
calculation of the products’ scores. Figure 4.5 shows the relationship of the initial 
assessment factors or criteria in the database. 
After establishing the relationship between the components in the database, the 
database tables of this web-based application will be created. The most common 
relationship that is used in this database table is one (1) to many (∞) relationship type. 
For example, one product-use category can have more than one product and one product 
can have more than one value for evaluating factors. These tables are connected to each 
other using the unique ID that is explained in the above section. Figure 4.6 shows the 
screen view of the list of tables by Microsoft Access and Figure 4.7 presents the database 
diagram for this EPP+ program. 
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Figure 4.6 Table in the Database viewed by Microsoft Access 
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Figure 4.7 Database diagram or relationship between tables 
According to Figure 4.7, the database of EPP+ program consists of 6 main tables 
which contain all the relative data for using in this web-based application development.  
There are tables of Category, Criteria, WeightFactor, ProductScore, Product, and 
UsageLog. These 6 tables are described as the following: 
• Criteria Table 
This table stores the information for the Criteria. This EPP+ program can 
add the unlimited Criteria to it. Table 4.1 shows the detail information that is 
stored in the Criteria table.  
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Table 4.1: The Criteria table 
 
Field Name Data Type Remark 
CriteriaID AutoNumber Unique Identification 
CriteriaName Text Alphanumeric (both alphabet and number) 
ParentCriteriaID 
Number 
(Integer) 
ID of the parent criteria of this criteria. 0 for root 
criteria 
CriteriaDescriptio
n 
Memo (Long 
Text) 
The description of the criteria. It will be displayed 
to end user inside the popup on the Product 
Replacement screen 
 
In this table, having the ParentCriteriaID field allows us to have the 
parent-child relationship between criteria. Figure 4.8 shows the sample of the 
relationship of the parent-child criteria of Affirmative Procurement.  
Biobased Product
CriteriaID = 102
ParentCriteriaID = 1 
Affirmative Procument (AP)
CriteriaID = 1
ParentCriteriaID = 0
Recycled Content
CriteriaID = 145
ParentCriteriaID = 1 
 
Figure 4.8 Parent-Child Relationship in Affirmative Procurement 
 
From Figure 4.8, the biobased content and the recycled content are the 
child of the Affirmative Procurement. As it showed by both biobased and 
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recycled content has the same parent (ParentCriteriaID =1) which mean its parent 
is Affirmative Procurement (CriteriaID = 1). 
 
• Category (Product-use category) Table 
This table stores the category of Product-use. This EPP+ program can add 
the unlimited Category to it. Table 4.2 shows the detail information that is stored 
in the Category table.  
 
Table 4.2: The Category table 
 
Field Name Data Type Remark 
CategoryID AutoNumber Unique Identification 
CategoryName Text Alphanumeric (both alphabet and number) 
 
 
• Product Table 
This table stores the information of Product. This EPP+ program can add 
unlimited Products to it. Table 4.3 shows the detail information that is stored in 
the Product table.  
 
Table 4.3: The Product table 
 
Field Name Data Type Remark 
ProductID AutoNumber Unique Identification 
ProductName Text Alphanumeric (both alphabet and number) 
Manufacturer Text Product's manufacturer 
CategoryID 
Number 
(Integer) ID of the category that this product is belongs to 
ProductWebsite Text Website that have this product 
ProductPrice Text 
Price of the product. Ex. $50 per 24 Oz. or $1000 per 
55-gallon drum 
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In this table, there is another parent-child relationship between the Product 
and the Category that the Product belongs to.  Figure 4.9 shows a sample of the 
relationship of the parent-child between Category and Product. 
N-methyl pyrrolidone
ProductID = 22
CategoryID = 13
Heavy Duty Solvents 
(Cleaners)/ Degreasers
CategoryID = 13
BIOACT 113
ProductID = 24
CategoryID = 13
 
Figure 4.9 Parent-Child Relationship of the product and category 
From Figure 4.9, N-methyl pyrrolidone and Bioact 113 are the children of 
Heavy Duty Solvents (Cleaners)/ Degreasers (CategoryID =13). Both products 
have the same CategoryID which is 13, which belong to the same Product-use 
category that showed the same CategoryID = 13. 
 
• WeightFactor Table 
This table stores the weighting factors of each product’s category on each 
criteria. This EPP+ program can add the unlimited WeightFactor based on the 
number of the Category and Criteria. Table 4.4 shows the detail information that 
store in the WeightFactor table and Table 4.5 shows an example of using the 
WeightFactor table.  
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Table 4.4: The WeightFactor Table 
 
Field Name Data Type Remark 
WeightFactorID AutoNumber Unique Identification 
CategoryID 
Number 
(Integer) ID of the category 
CriteriaID 
Number 
(Integer) ID of the criteria 
Weight 
Number 
(Decimal) 
Weighting Factor of the given category on the given 
criteria. The value should be between 0 and 1 
  
Table 4.5: Example of using the WeightFactor Table 
 
CategoryID CriteriaID Weight Meaning 
13 102 1.0 
Weighting factor of "Heavy Duty Solvents 
(Cleaners)/ Degreasers" category for 
"Biobased Content" criteria is 1.0 
13 145 0.0 
Weighting factor of "Heavy Duty Solvents 
(Cleaners)/ Degreasers" category for 
"Recycled Content" criteria is 0.0 
 
Where CategoryID =13 is “Heavy Duty Solvents (Cleaners)/Degreasers” category 
  CriteriaID =102 is “Biobased Content” criteria 
  CriteriaID = 145 is “Recycled Content” criteria 
 
• ProductScore Table 
This table stores the score of each Product on each Criteria. This EPP+ 
program can add the unlimited ProductScore based on the number of the Product 
and Criteria. Table 4.6 shows the detail information that store in the ProductScore 
table and Table 4.7 shows an example of using the ProductScore table. 
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Table 4.6: The ProductScore Table 
 
Field Name Data Type Remark 
ProductScore AutoNumber Unique Identification 
ProductID 
Number 
(Integer) ID of the product 
CriteriaID 
Number 
(Integer) ID of the criteria 
Score 
Number 
(Decimal) 
Score of the given category on the given criteria. The 
value should be between 0 and 5 
 
Table 4.7: Example of using the ProductScore Table 
 
ProductI
D 
CriteriaI
D Score Meaning 
22 102 2.0 
Score of "N-Methyl Pyrrolidone" product 
in "Biobased Content" criteria is 2.0 
24 145 3.5 
Score of "Bioact 113" product in "Recycled 
Content" criteria is 3.5 
 
Where ProductID = 22 is “N-methyl pyrrolidone” product 
  ProductID =24 is “Bioact 113” product 
  CriteriaID =102 is “Biobased Content” criteria 
CriteriaID = 145 is “Recycled Content” criteria 
 
• UsageLog Table 
This table stores logging information, such as username or when the EPP+ 
program has been used.  This information can be used for various statistical 
analyses, such as who has updated the system, dates the system was accessed or 
updated, etc. These statistics can also be used for improvement of the system. 
Table 4.8 shows the detail information that is stored in the UsageLog table. 
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Table 4.8: Example of using the UsageLog Table 
 
Field Name Data Type Remark 
UsageLogID AutoNumber Unique Identification 
UserName Text User who accessed replacement screen 
UsageTime Date/Time Time using replacement screen 
ProductName Text 
Product name that users designated to find the 
replacement 
CategoryID 
Number 
(Integer) ID of the selected category 
 
 
4.2.2.3 Design the Business Logic Tier Using C# 
 The business layer is the layer that contains the business logic, for example the 
logic to calculate the score of the products. It is a middle layer that connects the data 
layer and the presentation layer together. For this program, it has been developed using 
C# language which was created in Visual Studio 2008. 
 Normally, the business logic tier is started by creating the use cases first, and then 
designing and implementing C# classes according to the use cases.  
 Once the use cases have been created, C# classes should be designed and 
implemented according to the use cases. In the C# classes, there will be properties and 
methods. Properties represent the class’s attributes while methods represent the class’s 
behaviors. Figure 4.10 presents the C# classes for this web-based application. Note that 
the class’s properties are similar with the database fields in underlying the database table 
while the class’s methods are corresponding to the use case. For example, the Product 
class has properties which are ProductID, ProductName, CategoryID, etc., which are 
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similar to fields of Product Table. The Product class has methods which are LoadProduct, 
SaveProduct, etc. which correspond to the Configure Product in the use case. 
 
Figure 4.10 C# Classes in EPP+ Program 
According to Figure 4.10, the C# Classes in EPP+ program consists of 4 main 
classes which are Product, Category, Criteria, and User. These 4 classes are described as 
the following: 
• Product Class 
Table 4.9 and 4.10 describes the properties and methods for this Product 
class, respectively. 
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Table 4.9: Properties in Product Class 
Property Name Data Type Description 
ProductID Number (Integer) Unique Identification 
ProductName Text Product name. 
Manufacturer Text Product’s manufacturer 
CategoryID Number (Integer) ID of the category that this product is 
belongs to. 
ProductWebsite Text Website having product information. 
ProductPrice Text Formatted product’s price. For 
example, $50 per bottle or $900.00 per 
55-gallon drum. 
 
Table 4.10: Methods in Product Class 
 
Method Name Description 
LoadProduct Load product information from database 
SaveProduct Save product information to database 
DeleteProduct Delete a given product from database 
LoadScore Load scores of the given product on each criteria 
SaveScore Save scores of the given product on each criteria 
 
• Category Class 
Table 4.11 and 4.12 describes the properties and methods for this Product 
class, respectively. 
 
Table 4.11: Properties in Category Class 
 
Property Name Data Type Description 
CategoryID Number (Integer) Unique Identification 
CategoryName Text Category name. 
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Table 4.12: Methods in Category Class 
 
Method Name Description 
LoadCategory Load category information from database 
SaveCategory Save category information to database 
DeleteCategory Delete a given category from database 
LoadWeightFactor Load weighting factors of the given category on each 
criteria 
SaveWeightFactor Save weighting factors of the given category on each 
criteria 
 
• Criteria Class 
Table 4.13 and 4.14 describes the properties and methods for this Product 
class, respectively. 
Table 4.13: Properties in Criteria Class 
 
Property Name Data Type Description 
CriteriaID Number (Integer) Unique Identification 
CriteriaName Text Criteria name. 
CriteriaDescription Text The description of the criteria. It 
will be displayed to end user inside 
the popup on the Product 
Replacement screen. 
ParentCriteriaID Number (Integer) ID of the parent criteria of this 
criteria. 0 for root criteria. 
 
Table 4.14: Methods in Criteria Class 
 
Method Name Description 
LoadCriteria Load criteria information from database 
SaveCriteria Save criteria information to database 
DeleteCriteria Delete a given criteria from database 
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 After constructing the C# classes for this business logic tier, the writing for the 
source codes for this web-based application will be done by using Visual Studio software. 
Figure 4.11 shows a part of the source code that displayed in Visual Studio.  
 
Figure 4.11 C# by Visual Studio 
 In this Figure, the file extension of source code of C# will have an extension 
ending with .cs. Usually, there is one C# file corresponding with one screen.  
 The calculation algorithm of this scoring system will be created in this business 
logic tier.  Figure 4.12 presents the logic for calculating the score in the system. 
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Figure 4.12 Scoring Flow Chart in EPP+ program 
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4.2.2.4 Design the Presentation Tier 
 The presentation tier consists of web forms where the user inputs the weighting 
and scores of the products. These web forms allow the user to perform various types of 
functions such as, entering, deleting, updating, and viewing the data. The user can make 
changes to the criteria, category, and product using the presentation tier.  
The presentation tier is connected to the data tier (database) through the business 
logic tier, so that relationships among the tables and the data input by user are correlated 
with the logic and relationships required to evaluate the product.  
The web application starts with a login form as shown in Figure 4.13. Once the 
user login to use this program, the user will get to the main screen which is dynamically 
based on type of user. If the user is an administrator, his application will be able to 
perform the full functionality as shown in Figure 4.14. If the user is a regular user, he will 
be only to use the product replacement function as shown in Figure 4.15.  
 
Figure 4.13 Main screen of EPP+ web-based application program 
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Figure 4.14 Administrator User Screen 
 
 
Figure 4.15 Regular User Screen 
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4.3  EPP+ Web-Based Application Functionality 
 The EPP+ web-based application has been finished in the development process. 
At the present time, this application is deployed on a private network server. To access 
this application, the users need to request permission to use this program. The web-based 
application is located at http://www.eppplusproject.com. 
 As the administrator user, this type of user can gain all of the full functionalities 
of this application. There are 5 main functionalities that can be performed in this EPP+ 
program. They are Criteria Configuration, Product Management: Category and Product 
Configuration, User Management, Usage Log, and Product Replacement. They are 
described as the following: 
 
4.3.1 Criteria Configuration 
 In the criteria configuration part, the user can perform add, edit, or delete the 
criteria in the system. Also, the criteria are built as hierarchically listings. Thus, in each 
main criteria, they can have many sub-criteria or parameters that related to that criteria. 
The Criteria Configuration is located in the main tool bar indicated as “Criteria”.  Figure 
4.16 shows the criteria configuration screen with some of the criteria that will be used in 
the evaluation process. 
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Figure 4.16 Criteria Configuration 
  
When adding or editing the criteria in the system, the user can write the 
description of that criteria into the system. At the present time, only the main criteria’ 
descriptions will be displayed on the Product Replacement screen. Figure 4.17 shows the 
criteria setup dialog box appears when the user edits or adds the criteria into the system.    
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Figure 4.17 Criteria Setup Dialog Box 
 To delete the existing criteria in this Criteria Configuration, the user must select 
the criteria that they want to delete and click at the delete icon, which is located in the 
Criteria toolbar. At this point, the system will send the warning message which appears as 
shown in Figure 4.18 for verifying this process. When the user deletes the main criteria, 
the sub-criteria or the parameters that related to that criteria also will be deleted.  
 
 
Figure 4.18 Deleting Message in Criteria Configuration 
 
 100 
4.3.2 Product Management 
 The Product Management consists of 2 key functionalities in this program, which 
are Category Configuration and Product Configuration. The Category Configuration is 
located on the left panel and the Product Configuration is located on the right panel of the 
screen. Figure 4.19 shows the Product Management screen with the Category and Product 
Configuration. 
 
 
 
Figure 4.19 Product Management 
  
In the Product Management section, it allows the user to perform 
add/delete/update/edit functions for both the product-use category and the product itself. 
The parent-child relationship also shows in this Product Management section. If the 
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product-use category has been deleted, all its products in that category will be deleted 
too.  
 The user will be able to insert the weighting factors of the criteria of the product-
use category in this Category Configuration. Figure 4.20 shows the weighting factors of 
the heavy duty solvents (cleaners)/degreasers on the Category Setup screen, which is 
used for inserting the name of the product-use category and the weighting factors of that 
category. 
 
 
 
Figure 4.20 Category Setup in the Category Configuration 
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After the product-use category has been created, the user will be able to insert the 
information of the product on the Product Configuration part. The score of the product 
will be inserted in this part.  Figure 4.21 shows the product setup screen where the 
information of the product including the product’s score, can be inserted into this Product 
Configuration section. 
 
 
 
Figure 4.21 Product Setup in the Product Configuration 
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4.3.3 User Management 
 The information of the users, both administrator and regular, who use this 
program will be kept in this part. Figure 4.22 shows the information of the users who are 
already in the User Management record, and Figure 4.23 shows the user setup screen 
when adding a new user or editing the existing user in the User Management section. 
 
 
 
Figure 4.22 User Management 
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Figure 4.23 User Setup 
 
 
 
 
 
 
 
 
 
 
 
 
 105 
4.3.4 Usage Log 
 This is where the administrator user can monitor the activities of the system such 
as who is using the system, what product in which product-use category for which users 
are searching replacement. Figure 4.24 shows the information that display in the Usage 
Log screen. 
 
 
Figure 4.24 Usage Log 
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4.3.5 Product Replacement 
 This is the only functionality of this program that both administration and regular 
user can access. This functionality will be used for determining the replacement product 
or the product that has already been evaluated. The scores of the products that have been 
evaluated based on the criteria will be displayed in this section. Figure 4.25 shows the 
Product Replacement screen when the users use this functionality and Figure 4.26 shows 
an example of the result when using this application. 
 
 
Figure 4.25 Product Replacement 
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Figure 4.26 Results of the Product Replacement 
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CHAPTER V 
TEST CASE OF EPP+ PROGRAM 
 
 
5.1  Test Case Description 
 A test case for evaluating the product in the EPP+ program with a new web-based 
application tool will be presented in this chapter. This test case has been conducted based 
on the information acquired from GRC and the product manufacturers. The heavy-duty 
degreaser, which is in the product-use category of cleaners, will be the test case due to the 
high amount of usage of this product-use category at GRC. Also, these products contain 
some toxic or hazardous chemicals that are required to be reduced or eliminated from the 
site. The original heavy-duty degreaser products have been used at the site contain a 
restricted chemical, which is methylene chloride. Methylene chloride is a toxic and 
hazardous chemical which is listed under: 
• the Comprehensive Environmental Response, Compensation, and Liability 
Act of 1980 (CERCLA),  
• Toxic Release Inventory (TRI) program under Title 313 of the Emergency 
Planning and Community Right-to-Know Act (EPCRA), also known as 
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Title III of the Superfund Amendments and Reauthorization Act of 1986 
(SARA) 
• the Resource Conservation and Recovery Act (RCRA) 
Since this chemical is a toxic and hazardous to the workers and the environment, 
there is a need to find the new product to replace this chemical. 
 In this test case, there are 10 replacement products in the heavy-duty degreasers 
product category to be reviewed and evaluated. These 10 replacement products are 
selected from the product catalog of the General Service Administration (GSA), which 
provides a wide range of products and services available to the federal government, and 
the product catalog of the Comprehensive Procurement Guidelines (CPG) program. Table 
5.1 shows the 10 replacement products that will be used in this test case. 
 
Table 5.1: Information of 10 replacement products 
Product Manufacturer 
Bioact 113 Petroferm Inc. 
Cello The Natural D-Limonene Sherwin Williams Chem. 
Crystal Simple Green ® Sunshine Makers, Inc. 
d-Limonene Florida Chemical Co. Inc. 
Krud Kutter Original Supreme Chemicals 
N Methyl Pyrrolidone Lyondell 
New II Ecolink Inc. 
QED Ecolink Inc. 
Simple Green ® Sunshine Makers, Inc. 
Vortex ® Ecolink Inc. 
 
 These 10 replacement products will be reviewed and evaluated by the EPP+ 
program using its scoring system. The final score of these 10 replacement products will 
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be input into the worksheet. Then, the web-based application tool will be used to 
calculate a score using the scoring system, which will perform multiple-criteria decision 
making and determine of product’s measure of sustainability. 
 
5.2  EPP+ Program Without Using the Web-Based Application Tool 
5.2.1 Determine the requirements for a product replacement 
 The first step to evaluate the products is determining the important requirements 
for a product replacement. The requirement for these products, in this case, would be 
heavy-duty degreaser cleaner, and should have the following qualities: 
• The product should not be regulated in the list of hazardous materials, 
such as listed in CERCLA, RCRA, etc. 
• The product should contain no ozone-depleting compounds. 
• The product should contain no substances classified as known or likely 
human carcinogens or reproductive toxicants. 
• The product should preferably contain biobased ingredients. 
• The product should not contain the substances with high corrosive 
reactions. 
• The product should not contain the substances that are strongly irritating 
to humans. 
• The product should be biodegradable. 
• The product should have low VOC content. 
• The product should have low toxicity in aquatic species such as fish. 
• The product should have low flammability. 
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5.2.2 Determine the test products information 
MSDS or TDS of test products should be reviewed. An MSDS provides a variety 
of important information, such as CASRN (chemicals in the products), physical data, 
toxicity, health effects, etc. If the MSDS still does not provide adequate information, a 
request for more information on products from manufacturers should be obtained. These 
10 MSDS of test products are provided in the Appendix A of this dissertation. 
Determining whether these test products contain any chemicals that are in the lists 
of the environmental regulations such as CERCLA, RCRA, EPCRA, and TRI, is a very 
important step. Since the EPP+ program is focused on reducing or eliminating hazardous 
materials, the chemicals listed in those regulations may jeopardize improving purchases 
of environmentally friendly products. In this test case, one of the test products is shown 
in the TRI list. Table 5.2 shows the chemicals in the test products related to 
environmental regulations. 
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Table 5.2: The regulations with these 10 test product chemicals 
Product CASRN Chemical Name 
% 
Content CERCLA RCRA EPCRA TRI 
Bioact 113 
5989-
27-5 d-limonene 25-45 N N N N 
  
57018-
52-7 
1-T-Butoxy-2-
Propanol 55-75 N N N N 
Cello The 
Natural D-
Limonene 
5989-
27-5 d-limonene 73 N N N N 
Crystal Simple 
Green ® 
111-76-
2 2-butoxyethanol < 6 N N N N 
d-Limonene 
94266-
47-4 
d-limonene-
Technical Grade > 93 N N N N 
Krud Kutter 
Original 
111-76-
2 2-Butoxyethanol < 8 N N N N 
  
141-43-
5 Ethanol, 2-Amino < 4 N N N N 
  
1310-
58-3 
Potassium 
Hydroxide < 2 N N N N 
N Methyl 
Pyrrolidone 
872-50-
4 
N-Methyl-2-
pyrrolidinone <=99.9 N N N Y 
New II 
64742-
48-9 
Isoparaffinic 
Hydrocarbon N/A N N N N 
QED 
64475-
85-0 Mineral Spirits > 80 N N N N 
Simple Green 
® 
111-76-
2 2-butoxyethanol < 6 N N N N 
Vortex ® 
68647-
72-3 Citrus Terpene 95 N N N N 
  
9016-
45-9 
Nonylphenoxy 
Polyethoxyethanol 5 N N N N 
 
 
5.2.3 Determine the weighting factor of each assessment factors 
The weighting factors will be initially decided by the GRC P2 (Pollution 
Prevention) team and given each scoring assessment factor or criteria based on product-
use category type. The value of the weighting factors will vary between 0 and 1. These 
weighting factors represent the relative importance of each assessment factor or criteria. 
For example, for a critical aerospace related product, all the weighting factors under the 
performance assessment factors may be 1.0, and other factors might be reduced to reflect 
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those priorities. Or for a heavy-duty cleaner product, the weighting factor under the 
health, safety, environmental issues and price may be given high factor values, and 
performance factors might be reduced. The assignment of the weighting factor to the test 
products is a very important step. These weighting factors need to be approved by EMO. 
In this test case, heavy duty degreaser, the weighting factor of all assessment factors for 
these test products was given by EMO for evaluating this product-use category. Table 5.3 
shows the weighting factor of each assessment factors. 
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Table 5.3: Weighting factor of each assessment factors for the test products 
Assessment factors Weighting factor 
Affirmative Procurement   
Recycled Content 1.0 
Biobased Content 1.0 
Performance   
Applicability 0.6 
Performance Record 0.6 
Price   
Capital Costs 0.8 
Operation &Maintenance Costs (O&M) 0.8 
Payback Period 0.8 
Meeting Goals   
Recycle Potential 1.0 
Solid Waste Minimization 1.0 
Hazardous Waste Minimization 1.0 
Conservation   
Water Use Reduction 0.6 
Energy Use Reduction 0.6 
Other Resource Reduction 0.6 
Facility Environmental, Health, and Safety (EHS)   
Environmental Emissions 0.8 
Health Risk Benefits 0.8 
Safety Harzard Benefits 0.8 
Environmental Impact Potential   
Bioaccumulation 0.8 
Environmental Damage 0.8 
Global Issues 0.8 
Compliance   
Regulatory Benefits 0.8 
Executive Order (EO) & Policy Benefits 0.8 
Reduction of Liabilities 0.8 
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5.2.4 Determine the score of the test products 
 After the weighting factor has been assigned to each assessment factor of the test 
products, the calculation of the score for each assessment factor will be performed. The 
rating score will be calculated based on the product rating guidelines described in chapter 
3 of this dissertation. 
 
5.2.4.1 Determine the score of recycle content 
 At the present time, recycled content in this product-use category has not been set 
by any government or other organizations yet.  Therefore, 0 percent of recycled content 
will be set as a threshold for this type of product-use category. The recycled content of 
the product does not mean only the product itself. The packaging of the product also will 
be considered in this evaluation. Table 5.4 presents the rating guideline for recycled 
content of the test product and Table 5.5 presents the score of the recycle content (0 
percent is a threshold) of the test products. 
 
Table 5.4: Rating guidelines for recycled content of product 
Rating 
Contains the following % or threshold recycled content for product 
category 
5 Above 50% of recycled contents 
4 Above 25% and up to 50% of recycled contents 
3 Above AP threshold value and up to 25% of recycled contents 
2 Equal AP threshold (0 %) of recycled content 
1 Below AP threshold value of recycled content 
0 Product does not contain recycled or reclaimed materials 
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Table 5.5: The score of test products with 0 percent recycled content as a threshold 
Product Recycled Content Score 
Bioact 113 4 
Cello The Natural D-Limonene 5 
Crystal Simple Green ® 2 
d-Limonene 5 
Krud Kutter Original 2 
N Methyl Pyrrolidone 2 
New II 2 
QED 2 
Simple Green ® 2 
Vortex ® 5 
 
 Since 0 percent is a threshold for this recycled content, the test products that do 
not contain any recycled content will automatically receive a score of 2, as referred in 
Table 5.4. Bioact 113, Cello The Natural D-Limonene, d-Limonene, and Vortex ® have 
the similar chemical components, which is d-limonene or citrus terpene compounds.  
These chemical compounds are from the extraction of citrus skins or rinds. Since the 
citrus rinds are the products left over from the orange juice manufacturing process, it can 
be considered as a recycled product. The percentage of these chemical compounds can be 
presented as the percentage of the recycle content of the test product. The percentage of 
these chemical compounds in Bioact 113, Cello The Natural D-Limonene, d-Limonene, 
and Vortex ® are 25-45%, >73%, >93%, and 95%, respectively. When compared to 
Table 5.4, the test products that have more than 50% of recycled content threshold will 
get the score of 5. The Bioact 113 which has a recycled content between 25 to 45 percent 
will get a score of 4. For the packaging of these test products, all of them do not have 
recycled content in the packaging. Crystal Simple Green ® and Simple Green ® are using 
plastic drums and the rest are using steel drums. 
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5.2.4.2 Determine the score of biobased content 
 34 percent of biobased content is a minimum threshold for the product in the 
grease remover category, according to the 2008 U.S. Department of Agriculture’s 
Designation of Biobased Items for Federal Procurement. The ASTM International 
Radioisotope Standard Method D 6866 is using for determining the biobased content. 
The biobased content of these test products are assumed and listed in Table 5.6. 
Table 5.7 presents the rating guideline for biobased content of the test product and Table 
5.8 presents the score of the biobased content (34 percent is a threshold) of the test 
products. 
Table 5.6: The biobased content of test product (assumption) 
Product Biobased Content 
Bioact 113 100 
Cello The Natural D-Limonene 100 
Crystal Simple Green ® 20 
d-Limonene 100 
Krud Kutter Original 0 
N Methyl Pyrrolidone 0 
New II 0 
QED 0 
Simple Green ® 20 
Vortex ® 100 
 
Table 5.7: Rating guidelines for the biobased content of product 
Rating Contains the following % or threshold biobased content for product category 
5 Above 50% of biobased contents 
4 Above 25% and up to 50% of biobased contents 
3 Above AP threshold value and up to 25% of biobased contents 
2 Equal AP threshold value (34%) of biobased content 
1 Below AP threshold value of biobased content 
0 Product does not contain biobased materials 
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Table 5.8: The score of test products with 34 percent biobased content as a 
     threshold 
               
Product Biobase Content Score 
Bioact 113 5 
Cello The Natural D-Limonene 5 
Crystal Simple Green ® 1 
d-Limonene 5 
Krud Kutter Original 0 
N Methyl Pyrrolidone 0 
New II 0 
QED 0 
Simple Green ® 1 
Vortex ® 5 
 
The test products that do not contain biobased content, which are Krud Kutter 
Original, N Methyl Pyrrolidone, New II and QED as shown in Table 5.7, will 
automatically get 0 for their scores. Bioact 113, Cello The Natural D-Limonene, d-
Limonene, and Vortex ® have the similar chemical components, which are d-limonene or 
citrus terpene compounds. These compounds are 100% biobased materials. Therefore, 
these 4 products which have 100% biobased content and get a score of 5 as a rating, as 
shown in Table 5.7. 1 is the score for both Crystal Simple Green ® and Simple Green ®, 
which have 20% of biobased content.  
 
5.2.4.3 Determine the score of applicability and performance record 
 For evaluating the performance of the test products, the test products have been 
provided to the employees who regularly use this type of product, which in this case are 
the employees in the Fabrication Shop. The evaluator needs to get the results in terms of 
the applicability of the test products to the projects and how well the test products 
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perform in the projects.  Table 5.9 presents the scores of applicability and performance 
record of the products. 
 
Table 5.9: The scores of test products for applicability and performance record 
Product 
Score of 
Applicability 
Score of Performance 
Record 
Bioact 113 3 2 
Cello The Natural D-Limonene 3 1 
Crystal Simple Green ® 3 1 
d-Limonene 5 5 
Krud Kutter Original 3 2 
N Methyl Pyrrolidone 5 5 
New II 5 5 
QED 5 5 
Simple Green ® 3 1 
Vortex ® 5 5 
 
 N Methyl Pyrrolidone is the best test product when compared to the other 
products that receive the same score. Not only does it work well for removing grease, it 
also serves as a defluxer, adhesive remover and automotive degreaser. There is a mixed 
result for testing Bioact 113 and Krud Kutter Original; some of the employees comment 
about the residue left over from using these products, which may not be suitable for using 
in this facility, while others think that both products perform an adequate job for 
degreasing, but not as good as those test products that receive the higher scores. Thus, the 
score of 2 would be given to the test products that have mixed result, according to Table 
3.3 and 3.4. Cello The Natural D-Limonene, Crystal Simple Green ® and Simple Green 
® were in the ordering process to the facility, thus, these three products have not been 
tested yet.  
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5.2.4.4 Determine the score of capital costs 
 In this test case, the product costs and the shipping costs represent the capital 
costs for the test products. The highest capital costs in this test case are the capital costs 
of methylene chloride, assumed at $2,000 per 55-gallon drum. To determine the score of 
these test products, compare the percentage in capital costs of the test products to the 
methylene chloride and give the score according to Table 3.5. Table 5.10 shows the score 
of the capital costs criteria. 
 
Table 5.10: The scores of test products for capital costs 
Product 
Product 
Cost ($) 
Shipping 
cost ($) 
Capital 
Cost ($) 
% 
compare 
to MCl Score 
Bioact 113 1100 150 1250 62.5 1 
Cello The Natural D-
Limonene 650 105 755 37.75 3 
Crystal Simple Green ® 786 80 866 43.3 2 
d-Limonene 694 102 796 39.8 3 
Krud Kutter Original 874 130 1004 50.2 2 
N Methyl Pyrrolidone 950 125 1075 53.75 2 
New II 1210 100 1310 65.5 1 
QED 1210 100 1310 65.5 1 
Simple Green ® 786 80 866 43.3 2 
Vortex ® 995 100 1095 54.75 2 
 
 The cheaper capital cost of test products would result in the higher score in the 
capital cost criteria. 
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5.2.4.5 Determine the score of the operation and maintenance costs 
 Table 5.11 shows the score result of the test products for operation and 
maintenance costs. These operation and maintenance costs are compared to the costs of 
each test products in this test case. Generally, these test products receive a similar score 
because they have similar job functions, which are cleaning the grease off of materials. 
So, their costs for regular use would be about the same. Since these test products do not 
require special equipment to work, such as a ventilation system, they are basically no cost 
for maintenance. Some of the industrial cleaning products may require a ventilation 
system; thus, it requires the cleaning of the equipment that is used with the products, 
which can be considered a maintenance cost.  
The shelf life of the test products is also important. The shorter the shelf life 
means the more unused quantities to be disposed of. Bioact 113, Cello The Natural D-
Limonene, d-Limonene, and Vortex ® have a shelf life about 4 years when compared to 
the rest of the test products that have a shelf life of about 5 years; this would result in the 
difference in the scores.  
The other difference in the scores of these test products is in the cost for disposal 
concerns with solid/hazardous waste minimization. Since Crystal Simple Green ® and 
Simple Green ® are biodegradable products and do not harm sewage-treatment 
microorganisms if disposed of by sewer or drain, the disposal cost would be cheaper 
compared to the other products that are not biodegradable. Also, the container of these 
two Simple Green ® products can be recycled or applied to other uses; this would 
generate less waste or help to improve minimization of waste. 
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Table 5.11: The scores of test products for O&M costs 
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Bioact 113 5 5 4 5 3 
Cello The Natural D-Limonene 5 5 4 5 3 
Crystal Simple Green ® 5 5 5 5 5 
d-Limonene 5 5 4 5 3 
Krud Kutter Original 5 5 5 5 3 
N Methyl Pyrrolidone 5 5 5 5 3 
New II 5 5 5 5 3 
QED 5 5 5 5 3 
Simple Green ® 5 5 5 5 5 
Vortex ® 5 5 4 5 3 
 
 
5.2.4.6 Determine the score of payback period 
 All 10 test products would get a high score. In this case they all rate at 5, in this 
payback period evaluation. The payback period of these test products happen 
immediately since all the 10 test products have a lower capital cost compared to the 
methylene chloride, also, assuming that the O&M costs of these test products are equal to 
or lower than the methylene chloride. Table 5.12 shows the score of the payback period. 
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Table 5.12: The scores of test products for payback period 
Product Payback Period Score 
Bioact 113 5 
Cello The Natural D-Limonene 5 
Crystal Simple Green ® 5 
d-Limonene 5 
Krud Kutter Original 5 
N Methyl Pyrrolidone 5 
New II 5 
QED 5 
Simple Green ® 5 
Vortex ® 5 
 
5.2.4.7 Determine the score for recycle potential 
 These test products all have the potential to be recycled. The difference in the 
scores within this product-use category is due to the flammability issue of the products. 
The test products that have low flash point (in this case, <200 F) would result in 
flammability issue. They must be carefully stored and transported before going to the 
recycle process in order to reduce the risk of liability. The amount of costs and effort will 
be reduced in the recycle potential. Table 5.13 shows the score of the recycle potential. 
 
Table 5.13: The scores of test products for recycle potential 
Product Recycle Potential Score 
Bioact 113 4 
Cello The Natural D-Limonene 4 
Crystal Simple Green ® 5 
d-Limonene 4 
Krud Kutter Original 4 
N Methyl Pyrrolidone 4 
New II 4 
QED 4 
Simple Green ® 5 
Vortex ® 4 
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5.2.4.8 Determine the score of solid waste minimization 
Table 5.14 shows the score result of the test products for solid waste 
minimization. The most desirable products would have great potential for minimizing 
solid waste generation at the facility.  
The test product that can be biodegradable would receive a high score in this 
parameter. The information for biodegradability of the products is showed in their 
MSDS. Less waste would be generated if the product can be biodegradable. 
Even though, the test product does not provide the biodegradable information, this 
information can be determined via the ingredients in the product. In this case, Bioact 113 
has d-limonene compounds which are considered as biodegradable compounds, but these 
compounds are not the whole ingredients of the product, so the score for the product must 
be lower than the product that shows validation of their biodegradability. 
 Landfill reduction is another parameter for scoring the test products. In this test 
case, consider the container’s material. The less packaging that will go to the landfill, the 
less landfill space that would be taken up. Crystal Simple Green ® and Simple Green ® 
both use plastic material in their containers which can be recycled or reused. Also, N 
Methyl Pyrrolidone uses steel as its container which can be recycled or reused. These 
three test products would rate at the same high score. The rest of the test products get 
rated at the lower score. Even though, they are using steel as their container’s material, 
these containers are lined with epoxy or phenolic resin which results in the complication 
of recycle process or they have to be thrown away. 
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 Table 5.14: The scores of test products for solid waste minimization 
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Bioact 113 3 2 3 4 
Cello The Natural D-Limonene 5 2 3 3 
Crystal Simple Green ® 5 4 3 3 
d-Limonene 5 2 3 5 
Krud Kutter Original 5 2 3 3 
N Methyl Pyrrolidone 5 4 3 5 
New II 0 2 3 4 
QED 0 2 3 4 
Simple Green ® 5 4 3 3 
Vortex ® 5 2 3 5 
 
 
5.2.4.9 Determine the score of hazardous waste minimization 
 The rating for these criteria may interpreted as, the higher degrees of the 
hazardous waste characteristics in terms of corrosivity, flammability, reactivity, and 
toxicity, in the test products, the lower rating in the hazardous waste minimization 
potential. If the test products is presented in any environmental regulatory listing for both 
the federal and state, it would affect the criteria scores. Table 5.15 shows the score result 
of the test products for hazardous waste minimization.  
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 Table 5.15: The scores of test products for hazardous waste minimization 
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Bioact 113 3 3 0 2 2 4 
Cello The Natural D-Limonene 3 2 0 2 2 4 
Crystal Simple Green ® 3 3 4 5 5 4 
d-Limonene 3 3 0 2 2 4 
Krud Kutter Original 3 3 0 2 2 4 
N Methyl Pyrrolidone 1 2 5 2 2 2 
New II 3 3 0 2 2 4 
QED 3 3 0 2 2 4 
Simple Green ® 3 3 4 5 5 4 
Vortex ® 3 3 0 2 2 4 
 
 N Methyl Pyrrolidone has the lowest score in the related issue for the hazardous 
waste regulations because it is listed in the TRI listing. Some states may require the 
products that contain certain chemicals to be reported on due to the states’ regulations. 
The test products that have to be reported due to the states’ regulations, this result would 
reduce the score of the products.   
 Crystal Simple Green ®, N Methyl Pryrolidone, and Simple Green ® are the three 
products that have the scores in the corrosivity parameter.  
 Crystal Simple Green ® and Simple Green ® are rating at a high score in the 
flammability parameters because both of the products are non flammable. The rest of the 
test products have low flash point (<200 F) which may post potential danger in 
flammability issue. 
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 All of the test products are stable at the normal condition. But a reaction that may 
pose a hazardous condition occurs when the test products react with either strong 
oxidizing agents or strong acids. Crystal Simple ® Green and Simple Green ® will not 
have any hazardous reactions. Thus, both of the test products rate at the high score. 
 This test case uses the measurement standard for the toxicity from Green Seal 
standard (GS-34: Degreasing Agents). If the product has a Oral LD50 ≤ 5,000 mg/kg 
rating, that product is considered toxic. Based on this criteria, most of these test products 
are not consider as toxic since their Oral LD50 is more than 5000 mg/kg, except N 
Methyl Pyrrolidone which has oral LD50 equal to 4150 mg/kg. 
  
5.2.4.10 Determine the score of conservation criteria 
 The scores of conservation are rated in three parameters which are water use, 
energy use, and other resources use reduction. Table 5.16 shows the score result of the 
test products for the conservation criteria. 
 To determine the score for these criteria, the manufacture of the product will be 
considered into the score evaluation. Assume that the more ingredients/chemicals that are 
contained in the test products would require more energy and water for the manufacturers 
to process. Thus, less ingredients in a test product would yield a higher score in water, 
energy, and other resource use reduction. 
 The test products that have the ingredients which are the petroleum-based derived, 
their scores would be lower in the non-renewable resources criteria. Therefore, N Methyl 
Pyroridone, New II, and QED receive the lowest score in this criteria when compared to 
the rest of the test products  
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The test products that use animals for testing the toxicity would yield a lower 
score in that criteria, since animals are considered a resource, and also adds the 
dimension of animal welfare. 
Simple Green ® is the only one that adds the color (green) into the product which 
this would yield the lower score when compare with the rest.   
 
Table 5.16: The scores of test products for conservation criteria 
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Bioact 113 2 2 4 3 2 
Cello The Natural D-Limonene 3 3 4 4 3 
Crystal Simple Green ® 3 3 4 3 2 
d-Limonene 3 3 4 4 2 
Krud Kutter Original 2 2 4 3 3 
N Methyl Pyrrolidone 3 3 4 2 2 
New II 3 3 4 2 2 
QED 3 3 4 2 3 
Simple Green ® 3 3 3 3 2 
Vortex ® 2 2 4 4 3 
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5.2.4.11 Determine the score of facility EH & S criteria 
 There are three main criteria to be evaluated in this assessment factor: 
environmental emissions, health risk benefits, and safety hazard benefits. Table 5.17 
shows the score result of the test products for these facility EH & S criteria. The scores 
will be based on the within-facility everyday standard use at GRC.  
 The test products that are the petroleum based will get a lower score for air 
emissions, which in this case, are N Methyl Pyroridone, New II, and QED. The VOCs 
(volatile organic compounds) content of the test products is the indicator for evaluating 
secondary pollutants. The test products that have VOC content would result in a lower 
score when compared to the others. In this test case, the test products which contain the 
d-limonene or citrus terpene would get a low score as they have a potential for generating 
secondary pollutants to the environment. Their VOC content would range from 750-850 
gm/L as showed in Appendix A. 
 The toxicological data section from the test products’ MSDS are used for 
evaluating the score for water releases. The test products that are not biodegradable and 
are petroleum based would get a lower score when compared to the others that are 
biodegradable. Even though the products are biodegradable, it does not mean it will not 
be toxic to aquatic organisms. In this case, test products that are biodegradable and are 
not toxic to aquatic organisms would get a high score in this criteria. 
 There are several important parameters for evaluating health risk benefits criteria. 
Whether the ingredients is a carcinogen is one of these parameters that needs to be 
addressed first. In this test case, all of these test products are non carcinogenic and result 
in the same scores. The other parameters that relate to health risk benefits can be 
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evaluated by comparing toxicological information and hazard rating (NFPA/HMIS) 
standard of these test products, which is located in their MSDS materials in Appendix A. 
The scores of these parameters in the test products are relatively the same. Most of these 
test products have the NFPA Health rating = 1, which indicates the exposure of these 
products would cause irritation with only minor residual injury. Except, N Methyl 
Pyroridone and QED that have the potential risk as a developmental/reproductive toxin 
and neurotoxin, respectively. These two products would get a lower score in those 
parameters. 
 The scores for safety hazard benefits criteria are relevant to the scores in the 
hazardous waste minimization. The test products that contain less hazardous waste 
characteristics such as the corrosivity, flammability, and the reactivity, would yield the 
higher score in this criteria. The NFPA rating of the products are used to determine these 
hazardous waste characteristics. Crystal Simple Green ® and Simple Green ® are two 
products that get high scores in this criteria. Since their NFPA Flammability ratings are 0 
this mean these products will not burn. Also the NFPA Reactivity ratings are 0 which 
mean these products are normally stable, even under fire exposure conditions, and are not 
reactive with water. These two products would increase the benefits of employees’ safety. 
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Table 5.17: The scores of test products for Facility EH&S criteria 
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Bioact 113 3 2 2 4 3 4 3 3 3 4 4 3 3 2 
Cello The Natural 
D-Limonene 3 2 2 4 3 4 3 3 3 4 4 3 3 2 
Crystal Simple 
Green ® 3 4 4 3 4 4 3 3 3 4 4 4 4 5 
d-Limonene 3 2 2 4 3 4 3 3 3 4 4 3 3 2 
Krud Kutter 
Original 3 4 3 2 3 4 3 3 3 4 4 3 3 2 
N Methyl 
Pyrrolidone 2 4 3 4 4 4 1 3 3 3 3 3 3 2 
New II 2 1 3 3 3 4 3 3 3 4 4 3 3 2 
QED 2 1 3 4 3 4 3 1 3 4 4 3 3 2 
Simple Green ® 3 4 4 3 4 4 3 3 3 4 4 4 4 5 
Vortex ® 3 2 2 4 3 4 3 3 3 4 4 3 3 2 
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5.2.4.12 Determine the score of environmental impact potential criteria 
 There are three main criteria to be evaluated in this assessment factor: 
bioaccumulation, environmental damage (regional), and global issues. Table 5.18 shows 
the score result of the test products for these environmental impact potential criteria. The 
focus here is on potential for regional and global environmental damage based on 
accidental release. 
 Since PBT (persistent bioaccumulative toxic) chemicals are one of the indicators 
for evaluating this parameter, the test products that contain these chemical will receive a 
lower score. But, they all contain this type of chemicals; thus, all of them receive the high 
score. The other indicator is the BCF (bioconcentration factor) rating for evaluating the 
score. N Methyl Pyrrolidone, Crystal Simple Green ®, and Simple Green ® are test 
products that provide this information; thus they would rate higher than the rest. 
 The score given in this environmental damage (region) are similar to the scores in 
the environmental emissions (local) of the facility EH&S criteria. The test products that 
are listed in the TRI list would receive the lower score, which is N Methyl Pyrrolidone.  
 All test products here have the potential for creating acid rain and global warming 
since all of them are the products of industrial processes which may be one of the sources 
for creating the these effects in the environment. All of the test product would be rated 
equally. 
 Ozone depletion chemicals are an indicator for scoring the test products in one of 
the global issue criteria. All of the test products do not contain and use these chemicals; 
thus, the scores of the test products would rate at the highest score. 
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Table 5.18: The scores of test products for environmental impact potential criteria 
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Bioact 113 4 3 2 2 3 3 5 3 2 
Cello The Natural D-Limonene 4 3 2 2 3 3 5 3 2 
Crystal Simple Green ® 5 3 4 4 3 3 5 3 3 
d-Limonene 4 3 2 2 3 3 5 3 2 
Krud Kutter Original 4 3 3 4 3 3 5 3 3 
N Methyl Pyrrolidone 5 2 3 4 3 1 5 3 3 
New II 4 2 3 1 3 3 5 3 2 
QED 4 2 3 1 3 3 5 3 2 
Simple Green ® 5 3 4 4 3 3 5 3 3 
Vortex ® 4 3 2 2 3 3 5 3 2 
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5.2.4.13 Determine the score of compliance criteria 
There are three main criteria to be evaluated in this assessment factor: regulatory 
benefits, executive orders (EO) and NASA policy benefits, and liability benefits. Table 
5.19 shows the score result of the test products for these compliance criteria. 
The test products that are listed in any of the federal, state, or local regulations 
would result in a lower score for the regulatory benefit. All the test products are listed in 
the TSCA; thus the products in this parameter should be rated equally. N Methyl 
Pyrrolidone has the lowest score in this parameter, since it lists in the TRI list (EPCRA 
section 313). 
The scores in the executive order (EO) and NASA policy benefit can use the 
results from other main assessment factors. For example, the scores from the AP criteria 
may use as the scores for NPG 8830.1-affirmative procurement plan. The products that 
generally contain hazardous compounds usually receive a lower score in this compliance 
criteria. 
The lower the hazardous or toxic content in the products, the higher the score in 
the liabilities benefits. The products that contain those hazardous or toxic components 
have the potential to cause danger to employees and clean up costs from improper 
disposal of those products. In this case, N Methyl Pyrrolidone is the lowest score, since it 
is in the TRI list which relates to the hazardous waste issue, and has a potential to cause 
reproductive problems to employees who may be exposed to these chemicals. 
  
 Table 5.20 shows the summary score for these 10 test products 
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5.3  EPP+ Program With Using the Web-Based Application Tool 
 Access the EPP+ program and input all the weighting factors and scores of the 10 
test products into ‘Product Management’ section as shown in Figure 5.1. Then, go to the 
‘Product Replacement’ section and type in Methylene Chlorine the targeted for 
replacement and select the ‘Cleaners: Heavy Duty Degreaser’ as the Product Category as 
shown in Figure 5.2. Then, select the main criteria that is related to the user’s desire. The 
defaulted program will be selected by examining all of the main criteria for replacing the 
Methylene Chloride, and the total scores of the 10 products will be displayed as shown in 
Figure 5.3.  
 
 
Figure 5.1 Product Management for Cleaners: Heavy Duty Degreaser 
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Figure 5.2 Product Replacement for Cleaners: Heavy Duty Degreaser 
 
 
Figure 5.3 Result for Cleaners: Heavy Duty Degreaser 
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 The result is displayed in Figure 5.3 by ranking and by rating of these 10 
products. The highest score in each main criteria is hilighted in green. For example, d-
Limonene is the highest ranked among all 10 test products. It has a total score of 63.29 
and its listed price is $694.00 per 55-gallon drum. Also it gets the highest scores in 
Affirmative Procurement (AP), Performance, and Price, which are 10.00, 6.00, and 9.92, 
respectively. If the user wants to know more about d-Limonene, he or she can access the 
manufacturer’s website of this d-Limonene by clicking at the product name. 
 Since this program allows users to select the criteria that is related to what they 
desire, the user can select the criteria that is related to their needs. To do this, the user 
selects his or her desired criteria by selecting the ‘Yes’ icon on the Product Replacement 
section, also, the criteria that are not desirable can be selected with the ‘No’ icon. This is 
a decision making tool so the users can select the appropriate criteria that will meet their 
needs. Various results from selecting among the different criteria will be shown as 
follows:  
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• Price Only 
If Price is the only concern for the users, select ‘Yes’ for Price and for the 
rest select ‘No’. Figure 5.4 shows the result for the Cleaning: Heavy Duty 
Degreaser where Price is the only desirable criteria. In this case, Cello The 
Natural D-Limonene and d-Limonene received the highest score (9.92) for 
this criteria when compared to the rest of the test products. 
 
 
Figure 5.4 Price is selected as the only desirable criteria in Cleaners: Heavy Duty 
Degreaser 
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• Affirmative Procurement (AP) Only 
If the Affirmative Procurement (AP), which is related to recycled and 
biobased content in the products, is the only concern for the users, select 
‘Yes’ for AP and for the rest select ‘No’. Figure 5.5 shows the result for 
the Cleaning: Heavy Duty Degreaser where AP is the only desirable 
criteria. In this case, Cello The Natural D-Limonene, d-Limonene, and 
Vortex received the highest score (10.00) for this criteria when compared 
to the rest of the test products. 
 
 
Figure 5.5 AP is selected as the only desirable criteria in Cleaners: Heavy Duty 
Degreaser 
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• Performance Only 
If Performance is the only concern for the users, select ‘Yes’ for 
Performance and for the rest select ‘No’. Figure 5.6 shows the result for 
the Cleaning: Heavy Duty Degreaser where Performance is the only 
desirable criteria. In this case, d-Limonene, N-Methyl Pyrrolidone, New 
II, QED, and Vortex received the highest score (6.00) for this criteria 
when compared to the rest of the test products. 
 
 
 
Figure 5.6 Performance is selected as the only desirable criteria in Cleaners: Heavy 
Duty Degreaser 
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• Environmental Impact with Health and Safety Issues 
If environmental, health and safety issues are the criteria that concern 
users, select ‘Yes’ for Conservation, Environmental Impact Potential, and 
Facility EH& and for the rest select ‘No’. Figure 5.7 shows the results for 
the Cleaning: Heavy Duty Degreaser where environmental and health and 
safety related issues are desirable criteria. In this case, Crystal Simple 
Green ® and Simple Green ® received the highest score, 9.65 and 9.81 for 
Environmental Impact Potential and Facility EH&S, respectively. Cello 
The Natural D-Limonene received the highest score (5.80) in 
Conservation when compared to the rest of the test products. 
 
 
Figure 5.7 Environmental, Heath and Safety are selected as the desirable criteria in 
Cleaners: Heavy Duty Degreaser 
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• Goals and Compliance Issue 
If achieving the goals for the organization and complying with all the 
regulations and policies are concerns for the users, select ‘Yes’ for 
Meeting goals and Compliance, and for the rest select ‘No’. Figure 5.8 
shows the result for the Cleaning: Heavy Duty Degreaser where Meeting 
Goals and Compliance are the desirable criteria. Crystal Simple Green ® 
and Simple Green ® are the two products that received the highest score, 
7.90 and 12.75 for Compliance and Meeting Goals, respectively, when 
compared to the rest of the test products. 
 
Figure 5.8 Meeting Goals and Compliance are selected as the desirable criteria in 
Cleaners: Heavy Duty Degreaser 
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CHAPTER VI 
SUMMARY AND FUTURE WORKS 
 
 
6.1  Summary  
 An EPP+ protocol has been developed in this study, which was designed as a 
web-based application that evaluates life-cycle factors, affirmative procurements, price 
and performance of off-the-shelf products that impact or benefit the environment and 
human health.  
 This protocol has been developed based on the principles of Environmentally 
Preferable Purchasing (EPP) and using the combined qualitative/quantitative Life Cycle 
Assessment (LCA) scoring method. There are 8 main criteria to be scored/evaluated in 
the LCA scoring system, which are Affirmative Procurement, performance, price, 
meeting goals, conservation, facility environmental, health, and safety (EH&S), 
environmental impact potential, and compliance issues.  
 In the scoring system, each criteria is weighed according to the relative 
seriousness of that criteria. The prioritizing among different criteria depends on the 
values of the person or the panel of experts who want(s) to weigh the impact. In this 
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protocol, the weighting factors in this evaluation process of this protocol are selected by 
the evaluators in consideration of the evaluators’ goals. Those goals are usually based on 
the priorities of the management of the evaluators’ organizations. Once the scores for 
each criteria have been multiplied by their appropriate weighing factors, all the scores can 
be added together to provided an total score for this EPP+ program. 
The protocol will aid the evaluators (the experts) in evaluating and scoring 
environmentally preferable products. It will also help users (non-experts) to select 
products rated by the experts, thereby providing a tool to make more sustainable product 
decisions.  
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6.2 Engineering Significance 
 This EPP+ protocol is an important tool for evaluating the environmentally 
preferable products and services for the following reasons; 
• It can be a dominant design. The program would help promote the use of 
the products that are environmentally-friendly in the community, which results in 
a better environment, better health, and better economic perspective (i.e. less 
waste to clean up) as well as more sustainable development in our society; 
• The program incorporates all the important ideas related to Life Cycle 
impacts, benefiting the evaluation process; 
• The program is in a simple form for both experienced evaluators and 
regular users. Since the scores are represented by numerical values, the results 
from the program show the products’ rankings and rating scores. This makes the 
information easy to visualize; 
• The program is flexible, illustrated by its ability to add unlimited criteria, 
categories, and products, and is built for future use. 
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6.3 Future Works 
This study presented the EPP+ program in the form of the web-based application. 
Although the application is completely developed, there are the future works that can be 
done for this application to be more functional and for improvement. 
• This application can be converted to the general LCA, from gate to cradle 
LCA converted to cradle to cradle concept. 
• This application can be adopted to the other industry, not limited to the 
off-the-shelf product, such as helping the formulation process for making 
the better paint in the paint industry. 
• This application can be applied to the Green Chemistry production, results 
in the safer ingredients, safer environment, sustainable development in the 
communities. 
• The category will be expanded more than the initial 5 categories that will 
suit to all the products in the different industry. 
• The scale of the score, originally from 0 to 5, may change to 0 to 6 for 
equally distribution of the positive and negative impacts of each criteria 
score. 
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APPENDIX A 
 
MSDS of 10 Test Products 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
MSDS of Bioact 113 
 
 
  
 
  
 
  
 
  
 
  
 
 Source: http://www.actiocms.com/msdsxchange/english/index.cfm 
 
MSDS of Cello 1228 D-Limonene 
 
Source: http://www.actiocms.com/msdsxchange/english/index.cfm 
 
MSDS of Crystal Simple Green ® 
 
 
 
  
 
 
  
 
 
 Source: http://www.actiocms.com/msdsxchange/english/index.cfm 
 
 
MSDS of d-Limonene 
 
 
 
  
 
 
  
 
 
 Source: http://www.actiocms.com/msdsxchange/english/index.cfm 
 
 
MSDS of Krud Kutter Original 
 
 
 
  
 
 
  
Source: http://www.actiocms.com/msdsxchange/english/index.cfm 
 
MSDS of New II 
 
 
  
 
  
 
  
 
  
 
 Source: http://www.actiocms.com/msdsxchange/english/index.cfm 
 
MSDS of N-methyl pyrrolidone (NMP) 
 
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
  
 
 
 Source: http://www.actiocms.com/msdsxchange/english/index.cfm 
 
 
MSDS of QED 
 
 
  
 
  
 
  
 
  
Source: http://www.actiocms.com/msdsxchange/english/index.cfm 
MSDS of Simple Green ® 
 
 
 
  
 
 
  
 
 
  
Source: http://www.actiocms.com/msdsxchange/english/index.cfm 
 
MSDS of Vortex ® 
 
 
  
 Source: http://www.actiocms.com/msdsxchange/english/index.cfm 
